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THE PEINCIPLES OP COHSTRUCTION" A.CTIOH ANTD APPLIOATIOK 
OF CUTTING TOOLS USED BY HAND AND ALSO OP 
MACHINES derived FROM THE HAND TOOLS 


CHA.PTEE XXII 

GENERAL REMARKS UPON CUTTING TOOLS 

inteoduction 

The Dtle of the present volume appears to be sufficiently 
descriptive without additionnl explanation, conseciiiently the 
author will alone offer a few words on the notions which led to 
the division of the volume into the eight chapters enumeiated 
111 the table of contents* and on their paiticular arrangement 
The chisel was selected as the subject of the first chapter, as 
from the simplicity of its form and action, it may be viewed as a 
keen wedge, sometimes employed with quiet pressure, at other 
times used with percussion, as in tools of the character of axes 
and adzes , and the stiaight chisel mounted in a stock for its 
guidance becomes the plane Further, the carpenter s chisel may 
he used as a turning tool, and many tools of this kind, the second 
in the classification, follow the condition of chisels and planes, if 
we imagine the tool to be held at rest and the work to revolve 
against it, on a fixed axis The practice of turning is naturally 
associated with that of boiing holes, although m most cases, the 
boring tool revolves whilst the woik remains at rest Tuiniug 
and boring, each ciiculatoiy processes, led to the selection of the 
screw as the subject of the next chapter, for revolution combined 
VOL II ^ 
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With lectilmear advance, are exhibited in all the numerous modes 
of producing screws 

Saws were ideally compared with some of tbe scraping chisels, 
hut with a multiplication of points and these sometimes arranged 
in continuous order as in the circular saw The file from its vast 
assemblage of scraping teeth, was likened to a multiplication of 
the saw, but unfortunately the file has not been engrafted upon 
any machine, embodying the manipulation of the unassisted 
instrument Shears and punches are next considered m great 
measure as parallel subjects, and the rectilinear edges of shears 
although mostly duplicated, nevertheless bear some resemblance 
to simple chisels, although from their duplication they act on 
both sides of the material , and lastly the ordinary punch is 
compaiable with the rectilinear edges of the shears and chisels, 
if we do hut conceive these to be bent into the circular form 

Should these grounds for the arrangement adopted he deemed 
fanciful or visionary, it may be added that some order or selec 
tion was imperative, and it is hoped the present will serve as 
efficiently as any other that could be selected 

SECT I THE ANOLES AND POSITIOKS OF TOOLS, AS REGARDS 

THE ACT OF CUTTING 

The section now to be commenced refers exclusively to the 
principles and construction of cutting tools, which will be 
considered lu a geneial manner, and without reference to any 
particular hranches of mechanical art, the tools and applications 
being selected by their characters and principles alone 

All edged tools may he considered to be wedges formed by 
the meeting of two straight, oi of two curvilinear surfaces, or 
of one of each kind, meeting at angles varying from about ^0 
to 120 degrees 

Some few tools are pointed, fiom the meeting of thiee or 
more planes or surfaces 

Occasionally, as in the hatchet, the chipping chisel, and the 
turner^s chisel for soft wood, the tool is giound from both sides, 
or with two bevils or chamfers, at other times, as in the 
carpenter s chisels and plane irons, the tool is ground from one 
side onl} , and in such cases, the general suiface or shaft of the 
tool constitutes the second plane of the wedge , this difference 
does not affect the principle 
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The general oliaracters of cutting toolsj namely their angles* 
aud their relations to the surfaces to be produced, depend upon 
the hardness of the opposed substances, and the direction and 
nature of their fibres, these primary characters rec[uire especial 

consideration ^ 

The particular or specific chaiactersof cutting tools, nameljr, 
the forms of their blades, stocks, or handles, are adapted to the 
couTemence of the individual or the structure of the machine 
hy 'Which they are guided, these secondary characters, the less 
leqiiire or admit of generalization 

It will be no’w attempted to be shown that, granting the 
latitude usual mall classifications cutting tools may be included 
in three groups, namely, Paring Tools, Scraping Tools, and 
Shearing Tools 

Paring oi splitting tools, 'with thin edges the angles of 
which do not exceed sixty degrees, one plane of the edge being 
nearly coincident with the plane of the work produced (or with 
the tangent, in circular work) These tools remo-ve the fibres 
principally in the direction of their length, or longitudinally , 
and they pioduce large coarse chips oi shavings by acting like 
the common wedge applied as a mechanical power 

Secondly — Scraping tools with thick edges that measure fiom 
sixty to one hundred and twentj degiees The planes of the 
edges formnearly equal angles with the surface produced or else 
the one plane is nearly or quite perpendicular to the face of the 
woik (or becomes as a radius to the circle) These tools 
remove the fibres m all directions with nearly equal facility, 
and they pioduce fine dust like shavings by actmg superficially 
Third’v — Shearing, or separating tools with edges of fiom 
sixty to ninety degrees, geneiallj duplex, and then applied on 
opposite sides of the substances One plane of each tool, or of 
the single tool, coincident with the plane produced 

In explanation of these views, the diagram,fig 31 6,is supposed 

to lepiesent seven, different tools, the bevils or edges of whic 
'■ are all at the angle of sixty degrees, this may he considered as 
the medium angle of the paring, sci aping and shearing tools 
The cutting and scraping tools are supposed to be moving 
fiom A to B, -which line repiesents the face of the work, or the 
tools may be considered to be at rest, and tbe work to be moving 
from B to A 


II H ^ 
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Or, in turning, the tool may be supposed to remain fixed, and 
the circle to represent the moving surface of the work , one 
plane of the tool then becomes a tangent or radius 

The shearing tool«!, if in pairs, are proceeding towards each 
other on the line C D, whilst A B still lepresents the face of the 
work The single tools acton the same principle, hut the body 
of the material, or the surface of the bench or support, supplies 
the resistance otherwise offered by the second tool 

The tools a are bevilled or chamfered on both sides, the 
others from one side only, in these latter the general face of the 
tool forms the second side of the angle, and allowing for exag 
geration, both as to excess and deficiency, the diagram may be 
considered to represent the edges of the following tools 

\_ay hy c, d, bpUtttng and Paring Tools^ proceeding from A toB ] 
ct — The axe, or the cleaver for splitting 
i The side hatchet, adxe, paring and drawing knives, paiing 
chisels, and gouges, the razor, pen knife, spokeshave, the engra 
ver s graver, and most of the engineer s cutting, turning and 
planing tools for metal 


Fig 315 

0 



0 The turning chisel, for softwood, the chipping chisels, for 
iron stone, (fee 

d The joiner^s chisels, and carving tools, used with the bevils 
downwards, the joiner^s planes, the cross cut chisel for metal, 
•and some other metal tools 

1^3 /> Scraping Tools, proceeding from A io B ] 

€ ^When smgle,the scraping tools for turning thehaidwoods, 
ivory , and brass, the hand plane for metal, and when multiplied, 
the various saws, and files 

/ ^When single, a triangular scraper for metal, and when 
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multiplied, the dross cut saw for wood, and also polygonal 
bioaches or rimers with any number of sides, foi metal 
{e,f, Shearing Tools, proceeding from C to D ] 
e_-When duplex, shears with edges fiom eighty to ninety 
degrees, commencing with delicate lace scissorsfoi single threads, 
and ending with the engineer’s shears for cutting iron bars and 
plates upwards of two inches thick , also duplex punches wit 
rectangular edges, for punching engines and fly presses 

e—Wheu single, the carpenter s firmer and mortise chisels, 
the paring knife moving on a hinge, and cutting punches for 
gun wadding and thin mateiials 
f—Yfhen duplex, common nippers for wire , more generally, 
however, the blades are inclined, so that one bevil of each blade 
lies m one and the same plane, and which is vertical to A B, as 

g g 

jL_\Yhen single, the smith’s cutting off chisel 


In practice, the tools differ from the constant angle of sixty 
degrees assumed in the diagram for the convenience of explana 
tion, as the angles of all tools are determined by the hardness, 
and the peculiaiity of fibre oi structure, of the several substances 
upon which they are employed Ihe woods and soft fibrous 
materials, rec[uire more acute angles than the metals and hard 
bodies and the greater or less degree of violence to which the 

tools are subjected, greatly infiuences likewise the angles adopted 

for them 

Tims, Tinder tlie guidance of a little mecliaiiism, the thm edge 
of a razor, which is sharpened it an angle of about 15 degrees, 
IS used to cut minute shces or sections of woods, in all directions 
of the gram, for the purpose of the microscope But the car 
pentei and others require more expeditious piactice, and the 
first change is to thicken the edges of the tools to lange from 
about 20 to 45 degrees, to meet the rough usage to which they 
are then exposed, whether arismgfrom the knots and hard places 
itt the woods, or the violence applied 

In tools for iron and steel from 80 to 70 will be found a very 
common angle, in those for brass 80 to 90 in hexagonal broaches 
for metal it increases to 120, and m the octagonal broach some 
times employed the angle is still greater , in the circular broach 
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lequired by clack and watclim ikers the angle disappears and 
the tool ceases either to cut or scrape, it lesolres itself into 
an instrument acting by pressure oi becomes a burnisliei 
To a certain extent, eveiy different material may be considered 
to demand tools of a particular angle, and again the angle is 
somewhat modified by the specific mode of employment these 
conditions jointly determine the practical angles suited to eveiy 
case, or the angles of greatest economy, or most productive efiect 
The diagram shows that independently of the measure of the 
angle of the tool, we have to consider its position as i egards the 
surface of the woik the broad distinction being that in the 
paring tools the one face of the wedge or tool is applied neaily 
paiallel with the face of the woik , and in the scraping tools it 
is applied nearly at right angles as explained iii the foregoing 
definitions Indeed the paring tools, if left to themselves, will 
in some cases assume the position named thus for example, if 
we place a penknife at an elevated angle upon a cedar pencil 
and attempt to carry it along as a carpenter s plane, the pen 
knife if held stiflfiy will follow the line of its lower side and dig 
into the wood but if it he held slenderly, it will swing round in 
the hand until its blade lies flat on the pencil and it will even 
require a little twisting or laismg to cause it to penetrate the 
wood at all This disposition appeals to be equally true, in the 
thin edges of the penknife or razor, and in the thick edges of 
the strong paiing tools for metal 

The action of a cutting tool in motion is twofold The moving 
force IS first exerted on the point of the wedge to sever or divide 
the substance particle fiom particle the cohesion of the mass 
now directly opposes the entry of the tool, and keeps it back 
But the primary motion impressed on the tool having severed a 
phavipg, proceeds to hepd or curl it out of the way, the shaving 
ascends the slope of the wedge, and the elasticity of the shaving 
confines the tool in the cleft, pi esses it against the lower side, 
disposes \o pursue that line, and therefore to mto th^ 
puhstance 


In pursuing the more detailed examination of diflferent cutting 
tools employed mthe mechanical arts, amongst the several classi 
ff cations which might be adopted, it appears to the author to be 
fke mqre generally useful to consider the various tools m separate 
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chapters under the following heads, namely, Chisels and Planes 
-Turning tools-Bormg to ols-Screw cutting ^ 
Piles-Shears and Punches-as some of all these hinds of tools 
may he found in every work lOom 

^he several chapters and sections will be commenced with the 

tools for the woods, which are perhaps the moie commonly used 
hy the amateur, the corresponding toolsfor metal will generally 

Z then considered, and lastly " 

the same tools applied to various machines, stiU fuithei to prove 
the nniformity of principle upon which they act, throug on 

these seveial ciicnni stances i i 3 j* 

These comparative views may serve to show the similitude of 
prmciple in tools for hke purposes, whether the tools be large or 
Lall, whether they be used for wood or metal, and ^^her hy 
hand or machinery, and in cases of indecision or difficulty, a 
glance through any one section or chapter may denote, either 
the most appiopriate of the ordmary tools, oi may occasionally 
suggest some new modiication to suit a particular case, mimita 
tion of the numerous conversions which will be already found to 
exist amongst the tools used in the constructive arts 
SECT II— THE FOEMS ANP MOTIONS OF TOOLS, AS REGARDS THE 
PEODUCTION op LILES, STJEEEFIOIES, AND SOLIDS 
The principles of action of all cutting tools, and of some 
others, whether guided by hand or by machinery, i esolve them 
selves into the simple condition, that the work is the combmed 
Lpy of the form of the tool, and ot the motion employed Or 
in other words, that we exactly put into practice the geoiuetiieal 
definitions employed to convey to us the pnmaryideas of lines, 

JoM. . .lat the hee reedte from Ore 

ILnof a pmotah. aaperha.. from the motror, of a tae, 

and the solid from, the motion of a superficies 

B Lrefoie follows, as will he shown, that when the tool is a 
noint having no measurable magnitude, that two motions must 
Lp imnressed upon it one equivalent to the breadth, and anot er 
^ ' Sent to 2e length of" the superficies When the tool is 

w"ide so as to represent the one dimension of the superficies, 
Tayl breadth, Ln only one motion is to be ,say a 

motion equivalent to the length of the superficies , and these two 
are either rectilinear or cnrvilmear, accordingly as straight or 
curved superficies are to be produced 
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To illustrate this in a more familiar way than by the ideal 
mathematical conceptions, that a point is without magnitude, 
a line IS without bieadth, and a superficies Tvitliout thickness, 
we will suppose these to be materialised, and to become pieces 
ef wood and that the several results aie formed through their 
agency on soft clay 


Fog 317 

n e In 
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Thus supposing g g, to be two boards, the edges of which are 
parallel and exactly in one plane, and that the inteival between 
them is filled with clay, byshding the board p, along the edges 
of g g the point in p, would produce a line, and if so many lines 
were ploughed that every part of the clay wei e acted upon by 
the point a level surface would at length result The line I, such 


as a string or wire, carried along g g, would at one process 
reduce the clay to the level of the edges of the box 

Either the point or the line, might be applied in any direction 
whatever, and still they would equally produce the plane, pro 
•iided that eveiy part of the material were acted upon , and this, 
because the section of a plane is everywhere a right line, and 
which conditions are fulfilled in the elementaiy apparatus, as tha 
edges oi g g are straight and give m every case the longitudinal 
guide and with Z, the second line is formed at once, either v ith 
a strmg a wire or a straight board, but inp, the point requires 
a second or transverse guide, and which is furnished by the 
straight parts of the boaid p rubbmg on the edges of g g, and 
therefore the point obtains both a longitudinal and a transverse 
guide, which were stated to be essential 
The board c, with a circular edge, and m. with a moulding 
would respectively produce circular and moulded pieces, which 
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would 1)6 straight in point of length in viitue of ^ the line of 
motion, and cuiYed in width in virtue of c or m the lines of the 
tools But now c and on, must always advance parallel with 
their starting positions, or the width of the moulding would vaiy , 
and this is true whenevei curved guides or curved tools are 
employed, as the angular relation of the tool must be then 
constantly maintained, which it is supposed to be by the external 
piece 01 guide attached to on 

Supposing g g, each to have ciicular edges, as represented 
by the dotted aic «, oi to be curved into any arbitrary mould 
mg, the same boards Z, c, m, would pioduce results of the 
former transverse sections, but the clay would in each case pie 
sent, longitudinally the curved figure of the curved longitudinal 
boaids a a here also the line of the tool and the line of the 
motion would obtain in the result 

If, to carry out the supposition, we conceive the board a a, to 
be continued until it produced the entiie circle we should obtain 
a cylinder at one single sweep, if the wiie I, were earned round 
at right angles to ex ci But to produce the same result with the 
pointy, it must be done either by sweeping it round to make 
circular fun ows ver} near together, or hy traversing the point 
fioin side to side, to make a multitude of contiguous lines, 
parallel with the axis of the cylinder In eithei case we should 
n,pply the point to every part of the surface of the cylinder, 
which IS the object to he obtained, as we copy the circle of d ci^ 
(which is supposed to be complete ) and the hue Z, oi the trans 
verse motion of j), which is eq[uivalent to a line 

But it is obvious that, in every case referred to, there is the 
choice of moving either the clay or the tool, without variation 
in the effect If in respect to the circular guide a a, we set the 
clay to rotate upon its center, we should produce all the results 
without the necessity for the guide boaids a a, as the axis being 
fixed, and the tool also fixed, the distance from the ciicum 
ference to the center would he everywhere alike, and we should 
obtain the condition of the circle by motion instead of by 

the guide and such, m effect, is turning 

An every day example of this identical supposition is seen in 
the potter's wheel, and the potter also, instead of always 
describing the lines of his works with his hands, as in sketching, 
occasionally resorts to curved boards or templets, as for making 
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the mouldings foi the "base of a column, or any other circular 
ornament But here as also in ordinary taming, we liaTe choice, 
either to employ a figured tool or to impiess on a pointed tool 
a path identical with the one section, for example the sphere 
IS turned either hy a semicircular tool applied parallel with the 
axis, or else by sweeping a narrow or pointed tool around the 
sphere in the same semiciicular path 

HaTing shown that in every case, the superficies is a copy of 
the tool and of the one motion, oi of the point and the two 
motions, it will be easily conceived that the numerous super 
ficies and solids emanating from the diagonal spiial, oval, 
c}cloid, epic^^cloid and other acknowledged lines which are 
mostly themselresthe compositions of right lines and of circles, 
may he often mechanically pioduced in thiee different ways 

First, the employment of tools figured to the various shapes, 
and used with only one motion oi tra\erse, secondly, by the use 
of figured guides, cctms, or sha;pe<i plates hy which the motion 
is constrained, just the same as p makes a light or a curved 
line in viitue of its straight or curved guide , and thiidly, hy 
the employment of a point actuated hy two motions, hy the 
composition of winch most geometric lines are expressed 

Thus when umfoim motions are employed, two rectilinear 
motions pioduce a diagonal to themselves, one circular and one 
continued light line motion give the spiral, the screw, and the 
nycloid, also if during 07ie circulai revolution, either the circle 
or the point make cne oscillation in a right line, we obtain the 
oval by two circular movements we obtain the epicycloid, by 
three motions the compound or double epicycloid, and so on 
And when one oi both of the rectilinear oi ciicular generating 
motions aie vanahle as to velocity, we obtain many diff’erent 
kinds of curves, as tiie parabola, hyperbola, and others and 
thence the solids, arismg from the revolutions of some of these 
curves upon an axis 

We produce the practical composiUon of any two lines or 
movements whether regular or irregular, hy impressing these 
movements on the opposite extremities of an inflexible line or 
rod , from which rod we ohtam a compounded Z^ne, if we trace 
the motion of a point inserted m any part of the rod, and we 
obtain a compounded svperfioies^ if we copy the motion of the 
entire hne This may need explanation 
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Supposing that m fig 317, the back guide g g to remain a 
stiaight line, the front to become the circular arc a a the boaid 
being now tiayeised in contact both with, the stiaight and 
curved edges, the point p would describe a line if it were close 
against tbe line g g oi an arc if close against the aie a a mid 
way it would describe an aic of about half the original curvatuie 
On the othei hand, the line I would cut off the clay m a supei 
ficies, possessing at the three parts these same conditions, and 
merging gradually from the right line to the arc a a, 

But a similar composition of the two hues or motions would 
occur, were the lines g g a a, io he exchinged for any others, 
similai or dissimilar parallel or oblique, or irregular m two 
directions and in mechanical practice we combine, in like 
manner two motions to produce a compound line or a com 
pound superficies Indeed in many cases there is no alternative 
but to impart to two edges g a oi a. block tbe marginal outhnes 
ot tbe superficies and then generally by hand lalonr, to reduce 
all the inteimediate poitioiis under the guidance of a straight 
edge applied at shoit intervals upon the two edges which thus 
become compounded or melted together in the superficies ITum 
hers of irregular surfaces can be produced by this mode alone 
lu fine, m mechanical processes, we translate the matbe 
matical co)tcept^05^s of the rectilinear, ciicular,and mixed motions 
of points and lines, into the mechanical realises of rectilmear, 
circulai, and mixed motions of pointed or linear tools 

It is not imperative, howevei , that the tools should have but 
one fixed point or edge, as without change of principle a succes 
Sion of similar points may be arranged in a circle, to constitute 
a revolving cutter wbioh by its motions will continually present 
a new point, and multiply the lapidity of the effect In most 
cases, the introduction of a tool with a figured onthne, cancels 
the necessity for the means otherwise required to generate such 
figured line by the motion of a point, and a tool with a figured 
superficies, cancels also the remaming motion required to pro- 
duce tbe superficies, ajid the tool is smply impressed as a stamp 
pr die - 

In tracing the method of applying these theoretical views 
to the explanation of the general employment of cuttmg tools, 
or the practice of the workshop, we may safely abandon all 
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apprehension of complexity, notwithstanding tlie almost bound 
less vaiiety of the elements of maclnneiy, and other woiks of 
cutting tools For although all the legular hguies and solids 
referied to, are in reality met with, besides a still greater 
number of otheis of an ii regular or arbitrary character, still 
by far the greater majority of pieces lesolve themselves into 
veiy few and simple paits, namely, solids with plane superfices, 
such as 'pnsms, pyramids, and wedges, and solids with circulai 
superficies, such as cylinders, cones, and spheres These are 
frequently as it were strung together in groups, either in then 
entire or dissected states , but as they are only wrought one 
suiface at a time, the whole inquiry may he consideied to lesolve 
itself into the production of superficies 

And it may be further stated that the difference between 
the modes of accomplishing the same results by hand tools 
or by machinery heais a veiy close resemblance to the difference 
between the practices, of the aitist who draws the right line and 
circle by aid of the unassisted hand, and of the mechanical 
diaftsman, who obtains the same lines with more defined exact 
ness under the guidance of the lule and compasses 

Ibe guide principle is to he traced in most of cm tools In 
the joiners plane it exists in the form of the stock or sole of 
the plane, which commonly possesses the same superficies as it is 
desired to produce F or instance, the carpenter s plane used foi 
flat surfaces is itself flat, both in length and width, and there- 
fore furnishes a double guide The fiat file is somewhat under 
the same cii cum stances, hut as it cuts at every part of its 
surface, from thousands of points being giouped togethei it is 
more treacherous than the plane, as regards the suiface from 
which it derives its guidance, and from this and other reasons, 
it is far moie difficult to manage than the carpenter s plane 
In many other cases the cutting instrument and the guide 
are entirely detached, this is strictly the case m ordinary 
turning, in which the circular guide is given by the revolution of 
the lathe mandrel wh^ch caines the work the surface of which 
becomes the copy of the tool, or of the motion impressed upon 
the tool, either by the hand of the workman under the guidance 
of bis eye alone, or by appropriate mechanism 
When the lathe is employed unden the most advantageous 
circumstances to produce the various geometrical solids or 
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figures, the tool is placed under the guidance of a ruler or 
rather of a slide, by which its path is strictly limited to a recti 
linear motion Thus for a cylinder the slide is placed exactly 
parallel with the rotary axis of the mandrel, and for a plain flat 
surface the tool is moved on a slide at right angles to the axis 
Generally two slides fixed in these positions are attached to the 
lathe to cany and guide the tool, the machine being known 
as the sliding lest, but mostly the one slide only is used as a 
traversing oi directional slide for guiding the tool, the other as 
an adjusting or position slide, for regulating the penetration of 
the tool into the work 

Sometimes the two slides aie moved simultaneously for the 
production of cones, but more generally the one slide is placed 
ohhque and used alone 1 he lathe is employed with great effect 
in producing plane surfaces, but the more modern engine the 
planing machine, the offspiing of the slide or traversing lathe 
recently adverted to, is now also very much employed for all 
kinds of rectilinear woiks 

The planing machine being intended j)iincipallyfoi retilinear 
solids of all kinds, its movements aie all lectihnear, and these 
are in geneial restricted to three, which are in the same relation 
to each other as the sides of a cube , namely, two are horizon 
tal and at right angles to each other, and the third is vertical, 
and therefore peipendicular to the other two The general 
outline of the machine will be conceived by imagining a 
horizontal railway to take the place of the revolving axis of the 
lathe, and the slide rest of the lathe to be fixed vertically 
against the face of a bridge stretching over the railway 

In the geneial stiuctuie of this most invaluable machine, the 
railway is the cutting slide, upon which the woik is slid to and 
fro Tor producing a horizontal surface, the horizontal slide 
IS employed for traversing the tool across the face of the work, 
which IS thus reduced by ploughing a senes of parallel grooves, 
not exceeding m distance the width of the pointed tool, so that 
first the line, and then the surface arise, exactly as in the geome 
trical suppositions Tor vertical planes, the vertical is the 
traversing slide, the horizontal the adjusting , and for oblique 
planes the vertical slide is swivelled round to the assigned 
angle, the imaginary railway being employed m all cases to 
give the cutting motion 
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To advance into greater detail would be to encroach on the 
subject of the succeeding cLapteis, although it may be added, 
that when we examine into almost any machine employed in 
cutting, it will be found that the end to be ohtamed is always a 
superficies, either plane or curved, and which superficies reduced 
to its elementaiy condition presents length and breadth 

When, therefore we have put on one side the mechanism 
required for connecting and disconnecting the engine with the 
prime mover whether animal steam, or other power , it will be 
found that when the supeifieies is produced by a pointed tool, 
the primary motions resolve themselves into two, which may be 
considered representative of length and breadth The velocity 
of the one piimary motion, is suited to the speed pioper for 
cutting the material with the most productive effect, which for 
the metals is sometimes as low as ten oi twenty feet pei minute, 
measured at the tool and for the woods the speed is above ten 
or twenty times as great * The velocity of the other pnmaiy 
motion IS generally very small, and often intermittent , and it 
becomes a mere creep or traverse motion, by which the pointed 
tool IS gradually moved in the second direction of the superficies, 
under formation ‘ 

In producing circular bodies cue of these primary motions 
becomes circulating or rotarv, and in complex or irregular forms, 
an additional movement, making rn all three, or somctiTTics four 
are compounded , and lastly, when linear or figured tools are 
employed one of the motions is generally expunged 


The principal limit of Telocity in cutting machines appears to be the greatest 
speed the tool will safely endure without becoming so heated by the friction of 
separating the fibres as to lose its temper or proper degree of hardness 

The cohesion of iron being very considerable a Telocity matenally exceeding 
ten to twenty feet per minute would soften and discolour the tool whereas in 
general the tools for iron are left nearly or quite hard Brass having much less 
cohesion than iron allows a greater velocity to be used lead and tin admit of still 
more speed and the fibrous coheaon of the soft woods is so small that when the 
angles of the tools are favourable there is hardly a hmit to the velocity which may 
be used Water soap and water oil milt and other fluids are in many oases 
employed and especially with the more fibrous metals for the purpose of lubri 
eating the cutting edges of the tools to keep down the temperature the fluids 
reduce the fuctiou of separating the fibres and cool both the tool and work 
thereby allowing an increase of veloaty and at the same time they lessen the 
deteiioration of the instrument and which when blunted excites far more friction 
and IS likewise more exposed to being softened than when keen and in perfect 
working ordei There are however various objections to the constant use of 
lubiicating auids with cutting tools 
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The other movements of cutting machines may he considered 
as secondary, and introduced either to effect the adjustment of 
position at starting, or the changes of position during the 
progress of the wort , or the resettings hy which the same 
superficies is repeated as iii the respective sides of a prism, or 
the teeth of a spui wheel, which iniy be viewed as a complex 
prism 

The above two or three movements may in general be im 
pressed wholly upon the tool, wholly upon the woik, oi partly 
upon each, and which explains the veiy many ways which, 
in cases of simple forms, may be adopted to attain the same 
result 

In numerous instances likewise, all the movements are as it 
were linked together in a chain, so that they may recur at 
pioper intervals, without the necessity for any other adjustment 
than that which is done prior to the first starting, such are very 
appropriately called self acting machtnes, and these, in many 
cases, give rise to very curious ariangemeiits and combinations 
of parts, q.uite distinct from the movements abstractedly requiied 
to produce the vaiious superficies and solids, in which the 
mathematician and mechanician from necessity exactly agree, 
when then respective speculations are sifted to their elementary 
or primary laws, which are few, simple, and alike for all 

Mr Nasmyth has written an interesting paper, entitled, 

“ Remaiks on the Intioduction of the Slide Piinciple, in Tools 
and Machines employed in the production of Machinery * 
This principle although known for a far greatei period, has 
within less than half a centuiy, and m many respects even within 
less than the fourth of a centuiy, wrought most wonderful 
changes in the means of constructing mechanism, possessed of 
nearly mathematical accuracy The whole of this is traced to 
the employment of the two, oi the three slide movements, to 
which method Mr Nasmyth has judiciously applied the term 
‘‘Shde Fnnci;ple, but the object in this place is rather to 
examine in detail the principles and piactices, than to refei to 
the influence these have had on mauufactuimg industry, and 
thence on the general condition of mankind, and upon our own 
nation m particular 


* See Bucliaiiaii s Mill Work, By G Rennie, FES 1841 Page 393 
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CHAPTEE XXril 

CHISELS AND PLAHCS 
SECT I — INTEODUCTION , BENCH PLANES 

Ir ve dll’! e an axe or a thin, wedge, into the centei of a 
block of wood, as at a, fig 318, it will split the same into two 
paits through the natnial line of the fibres leaying rough 
uneven sui faces, and the i igidity of the mass will cause the leiit 
to precede the edge of the tool The same effect will partially 
occur when we attempt to remove a stout chip from off the side 
of a block of wood with the hatchet adze, paring or drawing 
knife, the paring chisel, or any similar tool So long as the chip 
IS too iigid to bend to the edge of the tool, the lent will precede 
the edge , and with a naked tool, the splitting will only finally 
cease when the instrument is so thin and sharp, and it is applied 
to so small a quantity of the mateiial, that the shaving can bend 
or ply to the tool, and then only will the work be cut oi will 
exhibit a true copy of the smooth edge of the instrument, m 
opposition to its being s^l%t or rent, and consequently showing 
the natural disruption or teaiing asunder of the fibres 

In fig SIS are drawn to one scale several very different paiing 
tools, which agree howevei in similitude with the type, h fig 
316 page 460, and also coirohoiate the lemaik on page 4C8, 
that in the paring tools, the one face of the wedge or tool is 
applied nearly parallel with the face of the woik" In tools 
ground with only one chimfei, this position not only assists in 
giving direction to the tool, but it also places the strongest line 
of the tool exactly m the line of resistance, or of the work to 
be done 

Fol example the axe or hatchet with two bevils, a fig 318, 
which IS mtended fox hewing and splitting, when applied to 
paring the surface of a block, must be directed at the angle a 
which would be a much less convenient and less stiong position 
than b, that of the stde hdtehet with only one chamfer hut foi 
paring either a very large or a nearly horizontal surface, the side 
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liatcliet in its turn is greatly inferior to the adze c, in -wliicli the 
handle is elevated like a ladder, at some 60 or 70 degrees from 
the ground, the pieference being given to the horizontal position 
for the sniface to be vnought 
The mstriiment is held in both 
hands, whilst the operatoi stands 
upon Ills work in a stooping 
position the handle being from 
twenty four to thirty inches 
long, and the weight of the 
blade fiom two to four pounds 

The adze is swung in a cii 
ciilar path almost of the same 
cmvature as the blade, the 
shoulder joint being the center 
of motion, and the entire arm 
and tool foiming as it weie one 
indexible 1 adius , the tool there 
fore makes a succession of small 
aics, and 111 each blow the arm 
of the woikinaii is brought in 
contact with the thigh which thus serves as a stop to pievent 
accident In coarse preparatoiy woiks, the woikman directs 
the adze through the space between Ins two feet, he thus sur 
prises ns by the quantity of wood removed , in fine works, he 
frequently places his toes over the spot to he wi ought, and the 
adze penetrates two or three inches beneath the sole of the 
shoe, and he thus suipiises us by the apparent danger yet 
perfect woiking of the instrument, which in the hands of the 
shipwright m paiticular, almost rivals the joiners plane it is 
with him the nearly universal paring mstiument, and is used 
upon works in all positions 

The small Indian adze 01 Basso51ahd fig 318, m place of being 
^ ciicular like the European adze, is formed at a diiect angle of 
about 45 01 50 degrees , its handle is veiy shoit, and it is used 
with great piecision by the nearly exclusive motion of the elbow 
joint* In 01 del to giind eitbei of these adzes, 01 cnsstie 

* This vei y useful instrument (says Sir J ohn 1 ohi son) vanes a little 111 dilfcruit 
districts in weight and in the angle which the cutting face forms with the line of 
the handle, but the form shown is the most genoril and the weight wciages about 


a e Fig 818 
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chiselb, it IS necessary to remoYe the handle, wkicli is easily 
accomplished as the e} e of the tool is largei externally as in the 
common pichaxe, so that the tool cannot fly off when in use, 
hut a blow on the end of the handle easily lemoves it 

The chisel e, admits of being very carefully placed, as to posi 
tion, and when the tool is strong, very flat and not tilted up it 
produces very true surfaces as seen in the mouths of planes 1 he 
chisel when applied with percussion, is struck with a wooden 
mallet hut m many cases it is merel} thfust foiwnrd hy its 
handle It will shoi tly be shown that various other forms of the 
handle or stock of the chisel, enable it to receive a far more 
defined and effective thrust which give it a different and most 
important character The^arm^ hmfe fig 8,p S6,Vol I , exhibits 
also a peculiar but most valuable airangement of the chisel, m 
which the thrust obtains a great increase of power and control 
and in the drawing hmfe the narrow transverse blade and its 
two handles foim three sides of a rectangle, so that it is actuated 
by action instead of by violent percussion or steady thrust 
The most efficient and common paring tool for metal, namely/, 
has been added to fig 318 for comparison with the paring tools 
for wood , its relations to the surface to be wrought are exactly 
the same as the rest of the gioup, notwithstanding that the angle 
of its edge is doubled on account of the hardness of the material, 
and that its shaft is mostly at right angles, to meet the construe 
tion of the slide rest of the lathe or planing machine 

The chisel, when inserted in one of the seveial forms of stocks 
or guides, becomes the plane, the general objects being, to limit 
the extent to which the blade can penetrate the wood, to provide 
a definitive guide to its path or direction, and to restrain the 
splitting in favour of the cutting action 
In general, the sole or stock of the plane is in all respects an 

1 lb 12 02 The length of handle is about twelve or thirteen inches and in use 
it IS grasped so near the head that the forefinger rests on the metal the thumb 
nearly on the back of the handle the other tingeis c,rasp the front of it the nails 
approaching the hall of the thumb The wrist is held firmly the stroke being 
made prmcipally from the elbow the inclination, of the cutting face being nearly 
a tangent to the circle desenhed by tJie instrument round the elbow joint as a 
center the exact adjustment being made by the grasp and the inclination of the 
wribt which is soon acq^uired by a little practice In this way very hard woods 
may be dressed for the lathe with a degiee of ease and accuracy not attainable 
with the small axe used in this country 
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acoErate counterpart of the form it is intended to produce, and 
it therefore combines in itself the longitudinal and the transveise 
sections, or the two guides referred torn the theoietical diagram 
page 464, and the annexed figure 319 the paits of which are 
all drawn to one scale, may be consideied a parallel diagram to 
317, page 464, so far as regards planes 



Thus, although convex surfaces, such as the outside of a hoop 
may be wiought by any of the straight planes, applied in the 
direction of a tangent as at a, it is obvious the concave plane, 
1), would he more convenient For the inside of the hoop, the 
ladius of curvature of the plane must not exceed the radius of 
the work thus c, the compass plane^ would exactly suit the 
curve, and it might be used for larger diameteis, although m a 
less perfect manner For the convenience of applying planes to 
very small circles, some are made very narrow or shoit, and 
with transverse handles such as d, the plane for the hand rails 
of staircases, the radius of its curvature being three inches , it 
lesemhles the spokeshave e, as respects the transveise handles 
although the hand rail plane has an iron, wedge, and stop, much 
like those of othei planes 

The sections of planes, are also either straight, concave, 
convex, or mixed lines, and suited to all kinds of specific 
mouldings, but we have principally to consider their more 
common featuies, namely, the circumstances of their edges and 
guides, fiist of those used for flat surfaces, called by the 
joiners, bench planes secondly, the ffooovzng planes, and thirdly, 
the moulding planes 
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4ir6 


STJEF AGING, OR BENCH BRAKES 


The vaiioHS surfacing planes are nearly aliLe, as regaicls tlie 
arrangement of the non the principal diffeiences being in their 
magnitudes Thus the maximum width is determined by the 
average strength of the individual, and the difficulty of mam 
taming with accuracy the rectilinear edge In the ordinal y 
bench planes the width of the iron ranges from, about 2 to 
inches * 

The lengths of planes are piincipally deteimmecl by thedegiee 
of straightness that is req[uired in the wort, and which may be 
thus explained The jomei s plane is always either balanced 
upon one point beneath its sole, or it rests upon two points at 
the same time, and acts by ciopping off these two points, with 
out descending to the hollow intermediate between them It is 
therefore cleai that hy supposing the work to be full of small 
undulations the spokeshave, which is essentially a vc7j/ shoH 
plane, would descend into all the hollows whose lengths weie 
greater than that of the plane, and the instrument is therefore 
commonly used for curved lines But the greater the length of 
the plane, the more nearly would its position assimilate to the 
general Ime of the work, and it would successively obliterate the 
minor errors oi undulations , and provided the mstiument were 
itself rectilinear, it would soon impart that character to the edge 
01 superficies submitted to its action The following table may 
he considered to contain the oidmary measures of surfacing 
planes 


Kamos of Planes 

Lengths 
m mches 

Widths 
in inches 

Widths 
of Irons 

Modelhng Planes hke Smoothing Planes 

1 to 5 

— i to 2 — 

to li 

Ordinary Smoothing Planes 

6-^ to 8 

— 2| to — 

1| to 2| 

Rebate Planes 

H 

— 1 to 2 — 

§ to 2 

Jack Planes 

12 to ir 

— 2i to 3 — 

2 to 2| 

Panel Planes 

Hi 

-Si - 

24 

Tiymg Planes 

20 to 22 

— to 3| — 

2| to 2i 

Long Phnes 

24 to 26 

- 3f 


Jointer Planes 

28 to 30 

- 3 | 

2| 

Cooper s Jointer Planes 

60 to <2 

— 5 to 5i — 

3’ to 3| 


The succession m yliicli they aie generally used is the jack 
plane for the coarsei woik the trjang plane for finer woik and 
trying its accuracy and the smoothing plane for finishing 


* The lion is scarcely a proper name for the plane iroTi^ winch is a cutio 
oi Hade composed partly of iroD and steel but no confusion can arise from the 
indiscriminate me of any of these tei ms 
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The diagram, fig 820, is one quarter the full size, aud may 
he considered to represent the ordinary surfacing planes, the 
mouths of which are alike, geaeiallj about one third from the 
front of the plane, and thus constituted The line a, b, is called 
the sole c, d, upon which the blade is supported, is the hed, and 
this in planes of common pitch, is usually at an angle of 4o° 
with the peipendicular 


Eig 320 



The mouth of the plane is the nariow aperture between the 
face of the iron, and the line c,/, which lattei is called the wear 
the angle between these should be as small as possible, in order 
that the wearing away of the sole, or its occasional correction, 
may cause but little enlargement of the mouth of the plane , at 
the same time the angle must be sufficient to allow fiee egress 
for the shavings, otherwise the plane is said to choke The line 
g, IS called the fiont, its angle is unimportant, and m practice 
it IS usually set out one quaiter of an inch wider on the upper 
siiiface than the width of the iron 

The wedge of the plane which fixes the iron, is commonly at 
an angle oi 10^ and it is slightly driven between the face of the 
non and the sbouldei or c e It is shown by the two 

detached views th it the wedge w, is cut away at the ccntialpart, 
both to clear the screw which connects the double iron, and to 
illow roomfoi the escape of the shavings Ihe wedge is loosened 
by a moderate blow, either on the end of the plane at A, on the 



478 GENERAL STRUCTEED OR PLANES 

top at %y or by tapping the side of the wedge, which may be then 
pulled out with the fingers a blow on the front of the plane 
at j, sets the iron forward oi deeper but it is not resorted to 
In all the bench planes, the non is somewhat narrower than 
the stock, and the mouth is a wedge-formed cavity, in some of 
the naiiow planes the cutting edge of the non extends the full 
width of the sole, as in the rebate plane / fig 319, page 475 , in 
these and others, the nairow shaft of the iron and the thin wedge 
alone proceed through the stock and there is a curviliiieai mouth 
extending through the plane the mouth is taper, to turn the 
shavings out on the moie convenient side When the planes 
only cut on the one part of the sole, as in fig 312 page 485 the 
angular mouth extends only part wxy through the plane, and the 
curvilinear peiforation is uncalled for 

In the diagram, fig 320, when the stock terminates at the 
dotted line, s s, it represents the smoothing plane , when it is 
of the full length, and furnished with the handle or toaty it is 
the jack plane or panel plane , the still longer planes have the 
toat farther removed from the iron, and it is then of the foiin 
shown in fig 330, page 483 

Fig 321 represents, one eighth the full size, a very effective 
plane, which is commonly used on the continent for roughing 
Fig 321 out, or as our jack plane, the horn hy being 

intended foi the left hand, whilst the right 
IS placed on the back of the stock Ihe 
Indians and Chinese boie a hole tliiough 
the front of the plane for a transverse 
stick, by which a boy assists in pulling 
the plane acioss the woik When the 
plane is veiy large, it is by the Chinese, 
and others, placed at the end of the bench at an angle, and 
allowed to rest on the ground, whilst the work is slid dovn its 
face , and a similai position is employed by the coopers in oui 
own country for planing the staves of casks, the plane being in 
such cases, five or six feet long and very unwieldy, the uppei 
part is supported on a prop, and the lower rests on a transveise 
piece of wood or sleeper 

The amount of force req[aired to work each plane is dependent 
on the angle and relation of the edge on the hardness of the 
mateiial, and on the magnitude of the shaving , but the required 
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force IS in addition greatly mfliieiiced by the degree in which 
the shaving is lent for its removal in the most peifect manner 
The diagrams 322 to 826 represent of their full size, paits of 
the irons and mouths of various planes, each in the act of re- 
moving a shaving The sole or surface of the rests upon 
the face of the work, and the cuttei stands as much in advance 
of the sole of the plane, as the thickness of the shaving, which 
IS in each case so bent as to enable it to creep np the face of 
the inclined non through the nairow slit of the plane called its 
mouth the width of which determines the extent to ■which the 
fibie of the wood can tear up or split with the grain 

ilie spokesliave, fig 322, cutspeihaps the most easily of all 
the planes, and it closely assimilates to the penknife, the angle 
of the blade is about 25 degiees, one of its planes lies almost in 
contact with the work, the inclination of the shaving is slights 
and the mouth is very contracted The spokeshave works very 
easily in the direction of the giam, but it is only applicable 
to small and rounded surfaces and cannot be extended to suit 
large flat superficies as the sole of the plane cannot be cut away 
for such an iron, and the peifection of the mouth is compaia 
tively soon lost in grinding the blade 

lug 322 Fig 323 




The diagiams, figs 323, 4 and 5, suppose the plane lions to 
be ground at the angle of 25®, and to be sharpened on the moie 
refined oilstone at 35® so as to make a second bevel or slight facet 
as shown by the dotted lines a in each of the figures the irons 
so giound aie placed at the angle of 45® or that of common 'pitch 
it therefore follows, that the ultimate bevel, which should be very 
narrow, lies at an elevation of 10® from the surface to he planed 
Fig 323 repiesents the month of an old jack plane, from the 
sole of which about half an inch of wood has been lost by weai 
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and correction, -which is no uncommon case The -wide mouth 
allows a partial splitting of the fihies before thty creep up the 
face of the single iron this plane woihs ensilj, and does not 
greatly altei the shavings, which come off in spiral cm Is, but 
the work is left rough and torn 

Rg 324 Fig 325 Fig 326 



Fig 324, a similar hut less worn plane with a closer month 
allows less of the splitting to occur, as the shaving is more sud 
denly bent m passing its nairower mouth, so that the cutting 
now begins to exceed the sphttmg, as the wood is held down hy 
the closer mouth the shaving is more broken and polygonal, 
but the -work is left smoother 

The same effects are obtained m a much superior mannei in 
the planes with double irons, such as m fig 325, the top non is 
not intended to cut hut to present a more nearly perpendiculai 
wall for the ascent of the shavmgs, the top iron moie effectually 
heaJcs the shavings, and is thence sometimes called the break 
iron 

Now therefore, the shaving being veiy thin, and constrained 
between two appioximate edges, it is as it were bent out of the 
way to make room for the cutting edge, so that the shaving is 
removed hy absolute cutting, and without being m any degree 
split or rent off 

The compound or double iron is represented detached, and 
of half size in fig 327 m this figure the lower piece c, is the one 


Fig 327 



TlcJ 


used for cutting, the upper piece t or the top iron, has a true 
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edge, which is also model atel} shaip, the top non is pUced 
from one sixteenth to one fiftieth of an inch from the edge of 
the cutter, the two are held together so closely hy the screw 
which passes tliiough a long mortise in c and fits in a tapped 
hole in t that no shaving can get between them 

The constant employment of the top iron in all available cases, 
shows the value of the improvement, and the cue urn stances of 
the plane working the smoother but harder, when it is added 
and the more so tlie closer it is down, demonstiate that its 
action IS to bieak or lend the fibres This is particularly 
observable in the coarse thick shavings of a double iron jack 
plane, compared with those of the same thickness from a single 
iron plane the latter are simply spiral and in easy curves 
whereas those fiom the double iron are bioken across at short 
intervals, making their character more nearly polygonal, and 
the same difierence is equally seen m thinner shavings, although 
of course less in degiee 

Fig 3^6 represents the iron of a plane intended “for the use 
of cabinet niakei s and others, who require to cut either hard 
or coarse giained wood,’ the upper hevel given to the iron, 
hemg consideied to dispense with the necessity foi the top iron 
hut it IS obviously much moie difiicult to pioduce a trae right 
lined edge, by the meeting of two planes, each subject to enor 
111 shaipening, than when one exists peimanently flat as in the 
broad surface of the blade * 

The same edge may he obtained by a hlade with a single 
chamfer, the flat side of which is placed m either of the dotted 
positions of fig 3^6 The fust, or 5, is that previously in common 
use in the ordinary moulding planes foi mahogany, and c is almost 
the position of the bed for the iron of the mitie plane, also pre 
viously common in all three planes, the ultimate angle of the 
face of the cutter is just GO degrees ftom the horizontal 

Fig 3S8 leprcsents the mouth of the mitre plane full size, 
and fig 329 the entire instrument one eighth size The stock 
IS much less in height than in oidinary planes, and the iron lies 
at an angle of about and is sharpened at about the ordinary 
angle of 35°, making a total elevation of 60°, which, together 
with the delicate metallic mouth, render the absence of the top 


* Sco 'Iransactions oi: ihe Sooicty of Arts, 1825 yoI xlni p 85 
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lion uiumpoitant, even when the plane is used lengthways of the 
fibies, altlioagh its ostensible purpose is to plane obliquely 
across their ends, as m the formation of mitie joints 


Fig 328 lig 329 

a 



In all oidinary planes the mouth gets widei as the iron is 
ground away because of the unequal thickness or taper form of 
the blade as seen at c, fig 327 In the mitie plane tins is avoided 
by placing the chamfer upwards, now theiefoie the position of 
the blade is determined by its bioad flat face which lests on the 
bed of the instrument d, and maintains one constant position as 
regards the mouth, uninfluenced by the gradual loss of thickness 
m the iron 

The smoothing and trying planes are also made with metal 
soles, and with single irons of ordinary angles, as one great pur 
pose of the top iron is to compensate for the enlaigement of 
the mouth of the plane hy wear, this defect is almost expunged 
from those with iron soles, and which are gradually becoming 
common, both with single and with double irons See Appendix, 
Note A H , page 978 


Some variation is made in the angles at which plane irons are 
inserted in their stocks The spokeshive is the lowest of the 
series, and commences with the small inclination of 25 to 30 
degrees, and the general angles and purposes of ordinary planes, 
are nearly as follows Common ;pitch^ or 45 degrees from the 
horizontal line is used for all the bench planes for deal and 
similar soft woods York pitch or 50 degiees from the hori- 
zontal for the bench planes for mahogany, wainscot, and hard 
or stringy woods Mtddle pitch, or 55 degrees, for moulding 
planes foi deal, and smoothing planes for mahogany, and similar 
woods Half pitch, or 60 degrees, for moulding planes for 
mahogany, and woods difficult to woik, of which bud s eye 
maple is considered one ot the woist 
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Boxwood and othei close Bard woods, may be smoollily 
scrawled, if not cut, in any duection of the gram, when the angle 
constituting the pitch entirely disappears , or with a common 
smoothing plane m -which the cutter is perpendicnlai, oi even 
leans slightly foiwaid , this tool is called a scraping plane and 
IS used for scraping the ivoiy heys of piano fortes, and works 
inlaid withivoiy brass, and haidwoods , this is quite analogous 
to the process of turning the haidwoods 

Ihe cabinet inakei also employs a scraping plane -with a 
perpendicular iron, which is giooved on the face, to present a 
scries of fine teeth instead of a continuous edge , this which is 
called a toothing plane employed foi roughing md scratching 
veneers and the surfaces to which they are to be attached, lo 
make a tooth for the better hold of the glue 

Ihe smiths plane for brass, iron, and steel, fig 330, has 
likewise a perpendicular cutter, ground to 70 or 80 degiees , it 
IS adjusted by a vertical soiew, and the wedge is replaced by an 
end screw and block, as shown in the figure which is one eighth 
siAe In the planes with verticil iions, the necessity for the 
narrow mouth ceases, and in the smiths plane some of the 
lions, 01 more propeily cutters, 
are also grooved on. the faces, hy 
winch their edges aieviituilly 
divided into several nairow 
pieces , this enables the instru 
inent to he more easily employed 
111 loughing out works, by ab 
stracting so much of the width 
of the iron, and by giving it a greater dogiee of penetration, but 
the finishing is done with smooth edged cutters, and those not 
exceeding fiom five eighths of an inch to one inch wide 



It is well known that most pieces of wood will plane hotter 
from the one end than from the other, and that when such 
pieces are turned over, they must be changed end for end 
likewise the necessity for this will immediately appear, if we 
consider the shade lines under the plane irons a, 6, fig 3 31, to 
represent the natural fibr es of the wood which are rarely parallel 
with the f ice of the work i he plane a, working mth the grain, 
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would cut smoothly, as it would rather piess down the fibics 
than otherwise, wheieas h would woik against the gyain^ oi 
would meet the fibies cropping out, and he li ible to teai them up 

It was explained 


Fig 331 



in 

Chap IV,Vol I tint 
the handsome chaiacteis 
of showy woods, gieitly 
depend on all kinds of ii 
legularities in the fibies 
so that the conditions a 
and?) fig 331, continually 
occui in the same piece of wood and in which we can theiefore 
scarcely produce one straight and smooth cut in any diiection 
Even the most expeiienced workmen will apply the smoothing 
plane at various angles across the different paits of such wood 
accoiding to his judgment in extreme cases, where the wood 
IS very curly knotty, and cioss grained the plane can scarcely 
be used at all, and such pieces are finished with the steel scraper 
This simple tool was originally a piece of bioken window glass 
and such it still remains in the hands of some of the gun stock 
makeis but as the cabinet maker lequiies the lectilinear edge 
he employs a thin piece of saw plate, which is repiesented black 
and highly magnified at s, fig 831 The edge is first sharpened 
at light angles upon the oilstone and it is then mostly bui 
nished, either square oi at a small angle so as to thiow up a 
trifling bull, or wiie edge Ihe scraper is held on the wood at 
about 60°, and as the minute edge takes a much slighter hold, 
it may be used where planes cannot be well applied Ihe 
scraper does not work so smoothly as a plane in perfect oidci 
upon ordinary wood and as its edge is roughei and less keen 
it drags up some of the fibres and leaves a minute roughness, 
interspersed with a few longer fibres 


SECT II — GROOVING PLANES 

We may plane across the gram of hard mahogany and box 
wood with comparative facility, as the fibres are packed so 
closely, like the loose leaves of a book when squeezed in a press 
that they may be cut in all directions of the gram with neatly 
equal facility, both with the flat and moulding planes But 
the weaker and more open fibies of deal and other soft woods 
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cannot withstand a cutting edge applied to them parallel mth 
theviselies oi lateially, as they aie tom up, ind leave a rough 
unfinislied suiface The joiner uses tlieictoiejor deal ami soft 
ivoodsy a very keen plane of low pitch, and slides it across 
obli(][uely, so as to attack the fibre fiom the one end, and 
viitually to remove it in the diiectioii of its length, so that 
the force is divided and applied to each part of the fibre in 
succession 

The moulding planes cannot be thus used, and all mouldings 
made in deal and woods of similar open soft giain, are con 
seq[uently always planea lengthwajs of the giain, and added 
as separate pieces As howevei many cases occui in oarpentiy 
in which lebates and giooves aie lequiied directly acioss the 
gram of deal, the obliquity is then given to the %7on which is 
inseited at an angle, as in the skew lebate and fillister and the 
stock of the plane is used in various ways to guide its tiansit 

Many of these planes present much in genuit} and adaptation 
to then paiticular cases foi example fig 33^ is the side view, 
and fig 333 the back of the side Jilliste ) , winch is intended to 
Tigs 332 333 331 



plane both with and across the gram, as in planing a itbate 
aiound the margin of a panel The loose slip, or the fence / is 
adjusted to expose so much of the oblique non as the width 
of the rebate , the screw stop s, at the side, is raised as much 
above the sole of the plane as the depth of the rebate, and the 
little tooth t, or scoring point (shown detached in two views a, b), 
precedes the bevelled iron, so as to shear or divide the fibicbas 
with the point of a penknife, to make the peipcndiculai edge 
keen and sqiiaie Tins plane is thciefoie a foiii fold coinbina 
tion of two measuies and two cutteis Ihe oblnxiie non, and 
the tooth or cuttei, aie pictty constantly met with in the planes 
used across the giain 

Others of these pluiesliave less powci of adjustment, for 
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iQstance the giooYiiig plane fig 334 for planing acioss the 
gram, has two separate teeth or else a single tooth with two 
points c, in addition to the catting non which is commonl}^ 
placed sqiiaie acfoss the face of the plane the groove is only 
used foi the reception of a shelf its sides are therefore the more 
impoitant parts, and the obliquity of the iron may he safely 
omitted The fence can no longer be a part of the instiument, 
as it IS often used in the middle of a long piece, a wooden 
straight edge s, is theiefore temporarily nailed down to guide 
the plane , and the stop is sometimes a piece of boxwood fitted 
stiffly m a moitise through the stock, at other times it is 
adjusted hy a thumb screw, as in the figure 334 

The ^plotighy fig 335, is a grooving plane, to work with the 
gram it has similar poweis to the fillistei, but with a gi eater 
horizontal range The width of the groove is determined by 
that of the blade, of which each plough has several they aie 
retained in the perpendicular position hy a thin iron plate, 
which enteis a central anovular groove m the hack of the blade 
The teeth 01 scoring points are now uncalled for as the non 
woiks perfectly well the lengthway of the fibre The sciew stop 
IS the same as befoie but ihQ fence f is built upon two trans 
verse stems s s, one only seen, passing thiough mortises iii the 
body of the plane, and fixed by wedges In the German plough 
the position of the fence / is determined and maintained by two 
V ooden screws, instead of the stems s s and there are two vooden 
nuts to each screw^ one on each side of the stock of the plough 



Other grooving planes for woiking with the gram aie also 
made without teeth, examples of which may be seen m the 
drawer hottom plane 836, and the slit deal planes, of which 337 
makes the groove^ and 338 the tongue, used for connecting 



BFGLET PliATJTE ROUTER OAEPENTEB S GAOrl 

Tjoards for partitions and other purposes, with the groove i 
tongue joint 339 The planes of this class being genera y uHtc 
for one specific puipose and measure, aie nnpiovidc wx i 
parts, as they are worked until the sole of the plane, or 
its edges come in contact with the wood nncl stoj) t ic 
pi ogress of the cutter 

Fig 340, the leglet plane, is of this kmd it deuTes its im»ic 
horn being employed in making the parallel slips o vvuo( , t>r 
leglet used hy the printer for the wide separation of the in< s o 
metal type the adjustable fences are screwed fast, as miuh lU 
advance of the sole of the plane as the lecpnired thickuesB of thu 
leglets or rules which are then planed away until, fioin the Hhi)S 
lestmg on the tench, the tool will cut no longer 


Piga 34:0 




Fig 341 IS a router plane , it has a broad surface oaii in 
its center one of the cntteis belonging to the plough, it is used 
for levelling the bottoms of cavities, the stock noust he nioio than 
twice the width of the recess, and the pirojectiori of the iron 
determines the depth, the sides of the cavities are prepai ed 
before hand with the chisel and mallet The ordinary name for 
this plane is not remaikahle for its propriety or elegance, it 18 
generally called the ** cLd/ wothclti s tootJi See A-ppendix, 
Note A I , page 979 

Ihe carpenters gages, for setting out lines and grooves pivrnlk 1 
with the margin of the work are closely associated with tin 
system of fences or rails The stem of the gage fig y a, n 
retained in the head, or stock, by means of a small wedge, niul 
the cuttei is fixed in a hole at right angles to the face of tlm 
stem, by another wedge The maikmg gage, for setting out 
hues, has a simple conical point , the cutting gage, for cutting 
\eneers and thin wood, has a lancet-shaped knife, and is a 
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vei 7 efifective tool , the routa gage for inlaying small lines of 
wood and biass, has a tooth like a nanow chisel 

1 here are othei foims of gages, some of these have screw 
adjustments , in the most simple, the stem is a wooden screw, 
flattened on one side, and the head of the gage consists of two 
wooden nuts, which become fixed when screwed fast against 
each other The inoitise gage, which is much used, has two 
points that may be adjusted to scribe the widths of mortises and 
tenons In the bisecting gage there aie two sliding pieces or 
heads which aie made to embiace the object to be bisected and 
the sciibnig point is in the center of two equal arms jointed 
respectively to the two sliding heads * 

The cooper^ $ cioze is used for making the grooves for the 
heading of casks aftei the ends of the staves have been levelled by 
a tool called a sun plane like a jack plane, but of a CDcular plan 
The croze is similar to the gages, except that it is veiy much 
larger the head is now nearly semicirculai , and teiniinates 
in two handles , the stem, which is proportionally large is also 
secured by a wedge, hut the cutter is composed of three or foui 
saw teeth, closely followed hy a hooked router, which sweeps 
out the bottom of the groove 

ihe banding plane f is allied to the gages, and is intended foi 
cutting out grooves and inlaying stiings and bands in straight 
and circular works, as in the rounded corneis of piano foites 
and similar objects It beais a genenl resemblance to the 
plough fig 335, but it is furnished in addition with the double 
tooth c of the grooving plane, fig 3 34 In the banding plane, 
the central plate of the plough is retained as a guide for the 
central positions of the router and cutter, which aie inserted, so 
as to meet in an angle of about 80 degrees, between two shoit 
projections of the cential plate , the whole of the parts enteiing 
the groove are compressed within the length of one inch, to 
pass through curvatures of small ladius , there aie various 
cutters and fences, both straight and circular, according to the 
nature of the work See Appendix Note A J , page 979 

Fig 343 is a plane which is the link betwixt carpentiy and 


* See H E Palmer s gage for maiking center lines —Trans Soe of Arts, 1813 
Tol xxKi p 248 

+ Mr R Onwm standing plane —Trans Soc of Aita 1817 vol ixxv p 122 
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turning , the conical hole in the plane is furnished with a cuttei 
placed as a tangent to the circle, so that the wood enteis m the 
lough octagonal form, and leaves it rounded, fit for a bioom, an 
umhrella handle, or an office rulei } sometimes either the woik 
or plane is driven by machinery, with the addition of one or two 
preparatory gouges, for removing the rougher parts 

SECT III MOULDING PLANES 

All the planes hitherto considered, whether used parallel with 
the surfaces, as in straight works, or as tangents to the curves, 
as in cuived works, are applied under precisely the same ciicum 
stances as regards the angular i elation of the mouth, because 
the edge of the blade is a right line parallel with the sole of the 
plane , but when the outline of the blade is curved, some new 
conditions arise which interfere with the perfect action of the 
instiument It is now proposed to examine these conditions in 
respect to the semicircle, from which the generality of mould 
mgs may be considered to be deiived 

In the astragal, ct, I c, d, fig 344, a small central portion 
at c, may be considered to be a hoiizontal line , two other 
small portions at &, and d, may be considered as parts of the 
vertical dotted lines, h /, and d, and the intermediate parts 
of the semicircle are seen to merge fiom the horizontal to the 
vertical line 

The reason why one moulding plane figured to the astiagal 
cannot, under the usual construction, be made to work the vei 
tical parts of the moulding with the same perfection as the lion 
rental, consists m the fact that whereas the oidmary plane iron 
piesents an angle of some 45 to GO degiees to the sole of the 
plane, which part is meant to cut, it presents a right angle to 
the side of the plane, winch part is not meant to cut Thus if 
the parts of the iron of the sq^uaie rebate plane, v Inch protiudc 
through the sides of the stock, weie shaipenecl evei so keenly 
^ they would only sci ape and not cut, just the same as the sciapmg 
plane with a peipendiciilar non 

When however the rebate plane is meant to cut at the side, 
it IS called the side rehate plane and its conbtiuction is then 
just reversed, as shown in the tlnee views fig 31G , that is, the 
non IS inserted peipendiculaily to the sole of the idano, but at 
a horizontal angle ^ (v, 07 ohliquely to the side of the plane, so 

K K 
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that the cut is now only on the one side ^ of the piano and 
which side wtually becomes the sole A second plane sloped 






the opposite way, IS lequired for the opposite side, or the planes 
are made in pairs and are used for the sides of grooves, and 
places inaccessible to the ordinary rebate plane 

In the figures 344 and 345 the square rebate planes 1 and 2, 
will cut the horizontal surfaces a, &, and c, perfectly, because the 
irons present the pioper slopes to these surfaces , but in attempt 
ing to plane the vertical line 6/, with the side of 1, we should 
fail, because the cutter is at right angles to that superficies, and 
it would only scrape, or he said to drag The plane 3, when laid 
on its side, would act perfectly on the vortical face, but now it^ 
would be ineffective as regards the hoiizontal The square 
rebate plane, if applied all lound the semicircle, would bo 
everywhere effective so long as its shaft stood as a radius to the 
curve, in fact as at and 8 as then the angle of the iron would 
he in the right direction m each of its temporary situations 
Butin this mode a plane to he effective tluoughout, demands 
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either numerous positions of the plane, or an iron of such a 
iind as to comhine these several positions 

Theoietically speaking therefore, the face of the cuttei suit 
able to woiking the entire semicircle or bead, would become a 
cone, or like a tube of steel boied with a hole of the same dia 
meter as the head, turned at one end externally like a cone, and 
split in two parts Fig 347 would represent such a cuttei, and 
which just resembles a half round gouge applied horizontally and 
sharpened externally But this theoretical cutter would present 
all the difficulties of the spokesliave iron , as to the tiouble of 
fixing it, its interference with the sole of the plane, and the diffi 
culty of maintaining the form of the mouth of the instiument, 
if made as a spokeshave, owing to the reduction of the cutter m 
sharpening * 

But as the iron 3, and also the side rebate, fig 346, work 
perfectly well in their respective positions, or when the cutters 
are inclined horizontally , whilst the central iron S, only requires 
to be inclined vertically ^ it occurred to me that hy employing a 
cutter in all resjtects as usual, except that its face should be 
curved as in the arc connecting the thee irons in fig 345, the one 
tool would cut equally well at every point of the ciuve , and 
experience proved the truth of the supposition The precise 
foim of the non will be readily aiiived at, by cutting out in card 
the diagram, fig 348, and bending it to a circular sweep, until 
the parts exterior to the dotted lines J/, — d just meet the 
spiing of the bead, at about the angle of half or middle pitch, or 
30 or 35 degrees fioin the right angle and it will be then found 
necessary to cut away the coiners to the lines h 8, — d s, or so 
much of them as dip below the straight surface of the fillet, as 
seen m fig 349 

The author had a plane constructed exactly m agreement with 
the aboTe particulars, that is with an non cuived to about the 
third of a circle, the mouth of the plane was curved to cor 
^ respond, and in every other respect the instrument was as usual , 
it was found entiielj successful 

The inclination of the tool to each pait of the woik is very 


* The cutter 347 is used for making the cylmdiicil i oilers -ui^onwhicli ribbons 
are -wound the cutter is ixed at the end of a slide and is woiliod by i lever 
the cylinders are made at two cuts m lengths of 8 or 10 inches and afterwards 
•diYided 


K K 2 
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nearly alike, and it assimilates at different parts to eacli of tlie 
ordinary rebate planes, all of which work well Namely at the 
crown of the moulding c, to the square rebate planes , at the 
spring b and to the side rebate planes , and at the fillets ct b, 
d c, to the skew rebate And notwithstanding the fluted foim 
of the iron, no greater difficulty is expeiienced in sharpening the 
iron in the new form like a gouge, than in the old like a chisel, 
the figure of the end being nearly alike m each case * 

As all the imperfections m the actions of moulding phnes occui 
at the yertical parts, there is a general attempt to avoid these 
difficulties hy keeping the mouldings flat oi nearly without vei 
tical lines For example, concave and convex planes, called hoi 
lotos and rounds, include generally the fifth or sixth sometimes 
about the third of the circle, and it is principally in tlie part 
between the third and the semicircle that the dragging is found 
to exist , and therefore, when a large part of the circle is wanted, 
the plane is applied at two or more positions in succession 
In a similar manner large complex mouldings often require to 
be worked from two or more positions with different planes, even 
when none of their parts are undercut, but in which latter case 
this IS of course indispensable And in nearly all mouldings the 
plane is not placed perpendicularly to the moulding but at an 
angle so as to remove all the nearly vertical parts, as far towards 
the horizontal position as circumstances will admit 


The above forms of cutters suggested for mouldings are each applicable to 
most mouldings but from their nature they are too troublesome for ordinary use 
For instance we may employ a outter such as 347 the lower surface of which 
as in 350 is the astragal or any other moulding the general slope oi chamfer 
will cause the tool to cut at the fillets and at c which parts ure horizontal but 
the lines of the naouldmgs which are vertical require the tool to be fluted to 
obtain the horizontal angle x shown in dotted hues m 861, -ind theie is all the 
inconvenience of the nearly horizontal position of the spokesha's e iron 

The iron when sloped at the accustomed angle of pitch requires to he convex: 
for a convex moulding and to be sharpened behind and by the converse foi a 
concave moulding the tool must be also concave and sharpened in front and all 
vertical lines in the moulding require the cutter to be fluted as lu fig 351 at £r 
Mixed or flowing mouldings will require on the same principle the cutter to have 
nearly the sections of the mouldings and to be sharpened always in front m tho 
spokeshave form of iron but partly lu front and partly behind in the sloping 
irons hut these conditions are far too complex except in some favourable cases 
The cutters are always made flat on the face and to lessen the difficulty, tho 
mouldings are drawn shallow with but few or no veitical parts, or else they ar© 
wrought hy two or more diffeient planes 
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Thus the plane foi the moulding, fig 352 would have its stock 
joeipendicular to the dotted Ime a h connecting the extieme parts 
of the moulding, the nngulai 
deviation being geneially cilled 
the spnng The spring is also 
partly determined by the position 
which IS most fivourable to the 
maintenance of the foim of the 
cutter in sharpening it, as the 
obhq[iiity of the sole of the plane 
causes the cutter, when advanced 
through it, also to shift sideways 
and cause a disagreement between 
their figures 

In the act of working, or, as it is called, in sticking the mould 
ing the wood is alwaj s first accuiately squared to its dimensions 
to sei\e as a guide, and it is then sometimes roughly bevelled 
neaily to the Ime a h , the pi me is applied m the dotted posi 
tion, the blank edge o of the plane, lests against the edge of 
the piepared wood, and deteimmes what is called the “ on of 
the moulding, that is, how far the plane can proceed upon the 
wood, and the planing is continued vertically until the blank 
edge cl stops the fuithei action, or determines the clown, ’ by 
lestmg upon the solid wood beneath it In some cases where 
the planes are unpiovided with fences or blank edges, or that 
they are applied in places where fences in the ordinary form 
are inapplicable, a slip of wood is nailed down for their guid 
ance, as m fig 834, page 485 

Wide moulding planes have been occasionally worked by two 
individuals, one to guide and thrust as usual, the other to pull 
with a rope Ifie top iron is however absent from the whole of 
the group if we except the capping plane used for the upper 
suifaces of staircase rails^ which aie faintly rounded ihe 
absence of the top iron is paitly compensated foi, by the pitch 
of moulding planes hemg, as stated on page 482, about 10 
degiees moie upright than in bench planes foi the same mate 
iials Ihe angles and edges of many of the small planes aic 
box slipped, that is, slips of boxwood are inlaid lu the beech 
wood. 111 order that the piojecting edges oi the qiiirhs may 
possess greater durabilitj 
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SECT IT — ^REMARKS ON THE BENCH, AND ESE OF THE PLANE 

It IS not the ]3reseiit intention to resume the consideration of 
the jomer s planeb in this woii, it therefore appears desirable 
before quitting thesiihject to add a few instructions respecting the 
modes of keeping them in order, and of using them in which 
some kind of bench or support for the work is alwa}s required 

The benches aie made in various ways, from a few lough 
boards nailed together to the structure shown m iig 353, which 
represents one of the most complete kind of cabinet makers 
benches, carefully connected by sci ew bolts and nuts its surface 
IS a thick plank planed very flat and true, with a trough to 
receive small tools, without interfering with the surface of the 
bench 


h 



The wood to be planed is laid on the bench, and is stayed by 
an iron bench hook a which is fitted in a mortise, so that it«^ 
may be placed at any required elevation, or flush with the sur 
face of the bench The bench hook has teeth projecting from its 
face, intended to stick into the wood, and retain it from moMng 
sideways , but to avoid the injury which would he inflicted by 
the teeth on nearly finished works, there is also a square wooden 
stop b, fi.tted tight into a square mortise Ihese are shown 
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removed, and on a much larger scale, at the foot of the engraving, 
the same letters of reference being repeated 

The two side screws c, d, constitute with the chop c, a kind of 
vice , the screw c, simply compresses, the sciew d, has a piece/, 
called a gafter (shown detached), which enters a groove in the 
cylindrical neck of the screw d,so that when the scievs ai e both 
opened, d serves to bring the chop e outwards The chops are 
greatly used for fixing work by the sides or edges, and as they 
open many inches, small boxes, drawers, and otliei works, may 
be pinched between them 

There are other constructions of benches which it is unneces 
sary to describe , some have only one of the screws c, d, the 
other being replaced by a square bar fixed m e, and many are 
not furnished with the end screw which draws oat the sliding 
piece h, that is very carefully fitted The end screw selves also 
as a vice for thm works which aie more conveniently held at 
right angles to the position of the side screws, but its moie 
valuable purpose is for holding work by the two ends, which 
mode is exceedingly convenient;, especially in making gL 00 \es, 
rebates, and mouldings, as the work is in no danger of slipping 
av ay from the tools There are several square holes along the 
front of the bench, for an non stop i, which has a perpendicular 
and slightly roughened face, and a similar stop 7 , is also placed 
in h, and as the latter slides a quantity not less than the interval 
between the holes, pieces of any length below the longest may 
be secuiely held 

Tor holding squaied pieces of wood upon the bench, as in 
making mortises or dovetails, the holdfast k is used in the 
manner shown, it is an L formed iron, the straight arm of which 
fits loosely m a hole in the bench, the work is fixed by driving 
on the top at k, and it is released by a blow on the back at I 
Sometimes also the holdfast is made in two paits jointed toge 
tlier like the letter T, with a screw at the one end of the 
tiansveise piece, by vlnch the work can be fixed without the 
hammer, but the former mode is far more common and is suf 
ficiently manageable And w is a pm which is placed in any 
of the holes m the leg of the bench, to suppoit the end of long 
boards, which are fixed at their other extremity by the sciews c d 
We Will now pioceed to the management of the planes bco 
Appendix, notes A K, A L, and A M, pp 979 and 980 
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Of the tencli planes enumerated in the list on page 470, tlie 
following are most geneiall 7 used, namely the jack plane for 
the coarser work, the tiymg phne for giving the woik a better 
or trjing its sti aightness and accuracy and the smooth 
mg plane foi finishing the surface without detracting from the 
truth obtained by the trying plane Sometimes when the wood 
IS very rough and dirt} , two jack planes are used still moie to 
divide the work, and these instiuments aie managed in the 
following manner 

The lemaiks on pages 477 8 explain that, for long planes, the 
iron IS released by a blow of the hainmei on the top of the plane 
at the fiont the smoothing, and all short planes are struck at 
the back of the plane, and m\ei on the top, or the wedge may 
be tapped sideways, and pulled out with the fingers 

The top non is then removed, by loosening the screw, and 
shdmg it up the mortise, until its head can pass tliiough the 
circular hole in the cutting iron 

The plane iron having been ground to an angle of some 
degrees with the stone running towuds the edge, it is next 
sharpened at an angle of about 35 degrees on the oilstone The 
iron IS fiist grasped in the right hand, with the fore fingei only 
above and near the side of the iron, and with the thumb below, 
the left hand is then applied with the left thumb lapping over 
the nght and the whole of the fingers of that hand on the sui 
face of the non the edge should be kept nearly square across 
the oilstone as when one corner precedes the other the foremost 
angle is the more worn 

When the iron is required to be veiy flit, as for the finishing 
planes the surface of the oilstone should be kept quite level, and 
the blade must be held at one constant angle , but when it is 
required to be round on the edge, a slight roll of the blade is 
required edgeways, lastly the flat face of the iron is laid quite 
flat on the oilstone, to remove the wire edge, and if required, 
the edge is drawn tliiough a piece of wood to tear off this film, 
after which the iron is again touched on the oilstone, both on 
the chamfer and flat surface, as the edge when finished should 
he perfectly keen and acute 

The iron is frequently held too high to expedite the shaipeii- 
ing it is deal, that should it be elevated above 45°, or the piitch 
of the plane, the hevil would be in effect reversed, and itcould only 
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act as a bmiiisliei exactly at 45® the Iceen edge would be soon 
worn away, and tlie condition of the burnisher would lemam , 
and withm ceitaiii limits, the lower or thinner the edge is sharp 
ened the better Perhaps the angle of 35® which is assumed, is 
as favonrahle as any, as if the edge be too acute the durability 
greatly decreases and theiefoie some legaidis also shown to the 
degree of weai and fitigue the non is called upon to enduie^ 
The edge of the non is likewise giound to differ ent/o? ms ac 
cording to the work, thus, the jack plane is found to woik more 
easily when the non is rounded as an arc, so that whether it 
pioject m the center more oi less than one sixteenth of an inch, 
the common measure, the angles of the iron should sink down 
to the sole of the plane at the coiners of the mouth 

The ease thus afforded appears moie or less due to three causes 
The rounded iron makes its first penetration more easily, as it 
commences as it were with a point, or very narrow edge the 
non has to penetrate the wood as a wedge first to cut and then to 
bend the shaving, and it is likely that the reduction of labour in 
the cutting, by the iiariow portion of the edge being employed, 
is greater than the in ci ease, in lending a thicker but narrower 
shaving and lastly the curved iron distantly approaches the 
condition of the skew non, and in all inclined blades there is a 
partial sliding or saw like motion, which is highly favourable to 
cutting The lions for the finishing planes, although shaipened 
as flat as possible at other parts, are faintly rounded at the 
coineis to pi event their leaving maiks upon the wood 

ilie cutting non having been sharpened, the top iron is 
scicwcd fast at the ieq[uired distance fioin the edge, say for 
coarse works one sixteenth, and for fine work, one fortieth or 
fiftieth of an inch The compound iron is placed m the mouth 
of the plane, and the eje is diiected from the front along the 
sole, to see that it projects uniformly and the requiied quantity, 
the wedge is then put in with the right hand, and slightly tapped 
with the hammer Tf this should by chance carry forward the 
iron also, a blow on the back of the plane at h, fig 3^0, p 477, 


* When tlie minute ch-imfer of the plane iron is almost paiallel with the sole 
of the plan© it will for a short time he entirely effective Thus aa ano’cpenment 
fhive the iron a very small quantity through the sole and sharpen it by allov^mg 
the oilstone to rub both on the edge and on the wood behind this will produce a 
very accurate edge and the iron when set back will cut hoautifully 
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or on the upper suiface of the long planes at % partially with 
drws the lion and in this manner by a few slight blows on the 
end or either edge of the iron, and on the end of the wedge, the 
adjustment IS readily effected Violence should be avoided, as 
the wedge if overdriven might split the plane, and long before 
that it would distort the sole and dr%m the hack wood up, which 
means that the wood behind the iron would be driven so as to 
stand slightly m advance of that before the iron, the two parts 
of the sole becoming slightly discontinuous or out of line The 
11 on should be alwaj s so slenderly held, that one or two mode 
rate blows would release the iron and wedge 

There is a very ingenious modification of the double non 
plane,* in which the cutter is a thin unperforated blade of steel 
placed between a brass bed and an iron top piece , the cutter, 
instead of being fixed and adjusted in the ordinary manner by 
taps of the hammer, is managed by the c[uiet action of various 
screws 

In a plane patented in America, in 1833, the bottom or cutting 
iron 18 made as usual, but without anj mortise , the top non has 
a thumb screw at its upper end, and moves on two lateral pins or 
fulcrums | inch from its lower edge the pins fit into two grooved 
pieces of metal let mto the sides of the plane the lengths of the 
grooves exactly determine the situation of the top iron When 
therefore the cutter is placed in its required position, the thumb 
screw is turned, it bears on the upper part of the cutter, and 
tilts the top iron, until its lower edge also bears hard against the 
usual part of the cutter, and thereby fixes it without a wedge 

The mam hmdiances to the general employment of these 
constructions appear to be their mere ised cost, and the great 
dexterity with which the required adjustments are accomplished 
by the accustomed hand with the apparently rude, yet sufficient, 
means of the hammer 1 


The planes being respectively in goodworhing condition, the 
hoard to be planed is laid on the bench, and if it should be 
obviously higher, either at the opposite corners from being “in 
wtndtng, or m the imddle, or at the edges from being " east and 

* Invented lay Mr H Bellmgbam See Trans Soc of Arts, 1836 vol li 
t The same lemark applies to Mi F E Franklin s Screw Bench Hook, (idem 
vol Ini ) intended to supersede a or ^ fig 353 page 494 
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romdtng,’ these partial prominences are first lemoved with the 
jack plane, but in geneial the shavings should be of the full 
length of the work, or at any late a yard long 

Ihe toat of the pi me is held in the right hand, the fiont 
being grasped with the left hand, the thumb towaids the woik 
man, the planes requiie to be pressed down on the work during 
the cut, this IS done less by an exertion of the muscles, than by 
slightly inclining the body, to cause its weight to lest partly 
upon the plane During the return stroke, the pressure should 
he discontinued to avoid friction on the edge, which would be 
thereby rounded, and there is just an approximation to lifting 
the heel of the plane off the work or in short pieces it is 
entirely lifted The general attempt should be to plane the 
work somewhat hollow, an effect which cannot however really 
occur, when the plane is proportionally long and quite straight 
The sole of a long plane is in a great measure the test of the 
straightness of the work , thus when the rough outside has 
been removed with the jack plane, the trying plane is employed, 
which IS set with a much finer cut, and the woikman will m a 
great measure tell the condition of the suifaoe hy the continuity 
and equality of the shavings It is howeier also needful to 
examine its accuracy with a straight edge the edge of the 
plaue applied obliquely across the boaid is in general the 
primary test, hut as the work approaches to peifcction the 
straight edge is laid parallel with the sides of the work, and also 
diagonally across it , and towards the last, the work if small is 
raised to the level of the eye, or in large pieces, the woikmaii 
stoops to attain the same relative position 

In using the straight edge ihe workman is partly guided by the 
eye, or the line of light that is observable between the instiu 
ment and the work, and partly by the sense of touch, as he 
tries whether the straight edge, when it is very slightly rotated 
as on a center, bears hardest at the ends or in the middle, and 
,, he applies the plane accordingly * 


* Jho straiglit edge, is simply a wide thm bar of wood or moHl made as acca 
ratoly sCriight is possible tlio tmili of a sfcraiglii edge can be only i>i(>vcd by iko 
examination of a seucs of at least tkroo Thus, supposing A to bo porfoct, io 
be slightly concaYO and 0 to be slightly convex it might happen that B and 0 
exactly agreed bnt A could not agree with either of them 
Or supposing A to bo concave exactly like B or to becoino -S', then B and C 
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The foregoing mode refers to surfaces of moderate width, but 
when the pieces are narrow, or two or more distant parts alone 
are requiiedto be in one lewel, the winding sticks are employed 
These aie two straight edges, say twenty to thirty inches long, 
which are placed transversely upon the ends of the woik and 
paiallel with each other, they receive then direction fiom the 
lespective ends or transverse sections, and should these be 
inclined to each other, or ^n wmding instead of paiallel, the 
winding sticks would magnify the erroi This is explained by 
the diagram fig 354, the eye placed on the level of the irnagi 
nary plane, bounded by the edges ah c d,oi the winding sticks, 
would find the edge oi a b exactl} paiallel with that of c d, but 
li c d were situated as in the dotted lines the disagreement of 
position arising fiom the twist or inclination of the edge would 
he immediately appaient It is important that the winding 
sticks should he paiallel, as then the eye may he directed to 
then uppei edges, thereby avoiding the interference of the woik 
itself If the woik be perfect the two sticks appear in exact 
parallelism, when from the foreshoitening, c d, is nearly eclipsed 



Nearly all the works m caipentry are first prepared as paral 
lelograms of various proportions, whether they are to be snhse 
quently used m that simple foim, or to be woiked with grooves, 
rebates oi mouldings , or to be connected by joints of various 
lands We will now follow up the formation of one flat surface, 
hy explaining the order in which to produce the three pairs of 
parallel rectangular surfaces in fig 355 namely, A a, the two 
faces, B b, the two sides, and C c, the two ends , and in this 
and every work possessing flat surfxces, it is of the utmost 
consequence that one face 4, should be first wrought m the 
most careful and exact manner as above described, to serve 

'would also agree but JB and B would disagree therefore the rectilinear form can 
only be proved to exist when ^ J and 0 mil bear a strict comparison in each 
binary combination 
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as the foundation or base from which all the other ineasuies 
are to he successively deiived 

The works are generally sawn out a tufle above the icqmied 
sizes, and the subsequent modes of pioceeding depend upon 
the proportions of the pieces, oi whether they are thick as in 
caipentry, oi thin as in joineiy and cabinet making In thick 
pieces, after the face A, has been planed quite flat, the side Bis 
next wrought, and a short square is used to examine whether 
the two aie exactly at light angles for this purpose the stock 
of the square is rested against A, and the blade on B at vaiious 
paits of the work , or indeed the square is slowly tiaversed to 
ascertain that the angle is everywhere in agreement with the 
square The angle A B, is then marked with pencil lines 
extending on the face and side, to denote that this angle is to 
serve as the foundation for the subsequent measures 

Befoie proceeding to pi me the second face the maiking 
gage, fig 342 p 487, is adjusted until its point stands exactly 
as far fiom the head of the gage as the intended thickness of 
the work The gage is then nibbed forcibly against the finished 
face Aj so as to sciatch a line on the edges of B b indicative of 
the intended new suiface a, and which is then woiked with the 
same care and precaution as its companion A Aftei this b, is 
similarly woiked, when the width of the faces A a, have been 
also scored by the marking gage applied against the true side JB 
In planing a and b the squaie is applied fiom B and Aicspec- 
tively, to ensuie the rectangular forms of the edges, and the 
gage IS also used togethei with the square to test the parallelism 
of the woik, and lastly, the ends C c are marked on allfom 
sides with the square, piexmiatory to the use of the saw, oi the 
formation of the tenons, mortises, oi dovetails by which the parts 
aie attached When the woiks are planed with rebates, grooves, 
01 mouldings, the squaring up of the four sides is always the 
pieliininary step, although in some cases the principal attention 
IS devoted to the two surfaces A B especially when they aic onl> 
required to serve foi the attachment of other parts of the worl 

In squaimg up woiks eut out of thin plank, the mode is clif 
ferent the pit saw leaves the hoard neaily paiallel, and when 
the piece has been cut out with the hind saw, the face A is fust 
hied up, that is, collected with the tiying plane, the piece is 
next gaged to th%ckfiesSy either at the ends only, or on all four 
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edges, and the second face a, is planed up The rectangular 
piece IS next fixed in the screw clamp of the bench with the 
edge E upwards, and which is made quite straight with the 
trying plane mits ordinary position, and tested with the square , 
the two ends C c, are next marked off with the square, and 
planed fiomthe corrected edge B, and lastly h is gaged and shot 
down to the width By these means, should the fibres have 
been split, or spalled off in shooting the ends, the removal of 
the edge h, as the last process would correct the evil There 
are some very useful contrivances employed in planing the edges 
of thin works, and which will be next adverted to 

In squaring or shooting the edges of boards, the shooting hoard 
drawn in figs 356 and 357, is very much used , it is a contriv 
anoe to enable the side A of the work (the ends of which are 
shaded in each of these views), to be laid flat on a bed e, whilst 
the plane lies on its side, either on the bench, or upon the 
additional piece/, and provided the shooting board is parallel 
and straight, and that the sole of the plane is at right angles to 
its side, the rectangular forms of the edges are much more 
readily attained The work is, nevertheless, examined with the 
square, as if the set of the iron be imperfect it will introduce a 
little error and which is corrected by tapping the iron sideways, 
to correct its position 



In squaring the ends C c, the transverse block g of the shooting 
board is the rectangular gage, and the cross piece also paitly 
supports the fibres from tearing away, for bevils corresponding 
blocks are fitted to it as represented at h, but the mitie, or the 
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angle of forty five degrees there shown is the one principally 
required To plane the edges, B or C, to the mitre or other 
angle, the respective beds upon which the work and plane are 
supported are required to be to each other in that paiticular 
angular relation, as in figs 358 and 359, which repiescnt the 
mitre block for angles of forty five degrees 

These contrivances of eicternaZ fences materially assist in pieces 
much narrower than the face of the plane, and the order m which 
the SIX faces are dressed, is very closely followed, although with 
different tools, in other arts, in which the works consist of like 
surfaces requiring a similaily stiict relation to each other 

SECT V PLANING MACHINES FOE WOOD 

In using hand tools the instrument rests immediately upon 
the face of the work under formation, and in repeating any one 
result, the same careful attention is again required in every 
successive piece But it was explained in the last chapter, that 
m the machines acting by cutting, the accuiacy is ensured far 
more readily, by running either the woik oi the tool, upon a 
straightshde, an axis, oi other guide, the peifoction of which has 
been carefully adjusted in the firstfoimation of the macliinc, and 
the slide or movement copies upon the woik, its own relative 
degi ee of perfection The economy of these applications is there 
foie generally very great, and theyaie frequently most iiitc resting, 
on account of the curious transitions to be observed from the 
hand processes to the machines, lu some cases with but little, in 
otheis with considerable change in the general mode of procedure 
The first planing machine for wood is supposed to have been 
that invented by G-cneial Bentham, who took out a patent for 
it in 1791 , it was based on the action of the ordinaiy plane, 
the movements of which it closely followed This contiivance 
reduced the amount of skill required in the workman, but not 
that of the labour , it appears to have been but little used 
The boaid to be planed was sometimes laid on a bench, at other 
times fixed by long cheeks having teeth which penetrate d its 
edges, the non of the plane extended the full width of the board, 
and the stock of the plane had slips to lest on the bench and 
check the cutting action, when the boaid was reduced to the 
intended thickness, much the same as in the reglet plane, fig 3 10 
For feather edged boards, the t«o slips were of unequal 
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thicknesses 3 for those intended to be tapei m their length, the 
guide rails had a corresponding obliquity, and weie fixed to the 
bench The plane was moved to and fio by a crank, it was 
held down to its woik by weights, and the plane was lifted up in 
the back stroke to remove the fiiction against the cutter ^ 

Tllie scale hoai d plane, abbreviated into scahhao d plane for 
cutting off the wide chips used for making hat and bonnet boxes, 
is, m like manner, a plane exceeding the width of the boird, it 
IS loaded with weights, and dragged along by a rope and wind 
lass, the projection of the iron determines the thickness of each 
shaving or scale board This construction is also reversed, by 
employing a fixed non di awing the wood over it and letting the 
scale board descend through an apeiturc in the bench, each of 
these modes is distinctly based on the common plane See 
Appendix Note A N , page 981 

The late Mr Joseph Bi imah took out a patent in 1802 foi 
a planing machine foi wood , one of which may be seen in the 
Gun Carnage Depaitment, Woolwich Aisenal The timbei is 
passed under a large horizontal wheel, diiven by the steam 
engine at about ninety revolutions per minute , the face of the 
wheel is armed with a senes of twenty eight gouges, placed hon 
zontally and in succession around it, the fiist gouge is a little 
more distant from the center, and a little more elevated than the 
next, and so on The fimsliing tools are two double irons just like 
those of the joiner, but without the advantage of the mouth 

Mr Bramah employed the principle of his famous hydrostatic 
press (patented in 1791), both for raising the cutter wheel to suit 
the diflfeieut thicknesses of wood, and also for tiaversing the 
timber under the cutters upon guide rails, the latter, by means 
of an endless chain connected with the piston of the pump, by a 
lack, pinion, and drum The bottom of the axis of the cutter 
wheel IS cylindiicalto the extent of its vertical adjustment, and 
IS fitted m a tube terminating at its upper part in a cupped 
leather collar impeivious to oil or water as in the hydrostatic ^ 
press The injection of water into the tube by a small force 
pump, lengthens the column of fluid, upon which the wheel is 
supported as on a solid post, the descent of the wheel is effected 
hy allowing a portion of water to escipe by a valve 1 

* See fche Encyclopsedia Metropolitaua &c &c 

t Mr Bi amahs patent includes many modifications of fixed and revolving 
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Amoie recent machine for pUning flooring boaids and other 
wood works, consists of a senes of knives iilaced paiallol with, 
and around the axis of, a small cjlmdei , the hoaid is passed 
underneath the cutter whilst it is in lapid motion, this maybe 
called an adv-ing machine, and the Imiyes aie of the full width 
of the board 

In Ml Muir’s patent planing machine for flooring hoards, a 
rotary adze roughly planes the hottom mother opeiates on the 
top of the boaid, afteiwaids, two obhq[iie fixed cutters, like the 
skew rebate irons but with top irons, remove each a shaving of 
the full length and width of the deal , two cutters make the 
sides parallel, and two others groove the edges for the tongues, 
or in fact, these are four revolving planes or saws in Older to 
expedite their effect The board enters the machine as left from 
the saw mill, it is thrust forward by the engine, and comes out 
very speedily m a condition nearly ready for fixing, the eight 
operations being simultaneous, but sometimes a little finishing 
with the hand smoothing plane is lequired at those parts wheie 
the grain is unfavourable to smooth cutting Other machines, 
by Paxton, by Buinott and Pojer, and others, are used for 
preparing sash bars, and similar woiks * See Appendix, Notes 
AO (LAP, pages 981 & 989 

Ihepiecedingmaclunes aie mostly intended to woikmi/^tlie 
gram, and I am only acquainted with one lectilmcai planing 
machine that IS exclusively intended toi cutting ^cro^^atlic gram, 
nanidy, the moitising engine, one of the seiics of machines 
erected at Portsmouth in 1807, hj Mr Eimiel, for the maim 
facture of ships blocks I 

A hole IS first bored thiougli the block at the oommencemeut 
of the intended groove for the sheave, and it is extended by the 
successive action of a mortibiiig or paring tool, which iidcs 


/cutters for planing and (’uttmg wood and metal works also a machine foj iiinung 
«I>]ieios and for cutting wooden bowls one out of the othei and hkowiso oilu x 
•meclianical contuvim(.e8 £^oe Specifioatioii Gregoiy s Moc^liwuca vol ii p 415 
^ Beeth© descuption of Paxton s macliui© Uians See of Aits vol hu p 97 
806 also specification of Biluiott and l^oyei s patent 
Til© reader is likowisci lofeued to the foot note page 32 vol i , ou Ta^loi s 
patent machine foi chopping out the staves foi casks a similar modo was pio 
viously employed foi chipping mto fiagments tho dyo woods tho logs of which 
fell against the revolving disk thiough an mclmod shoot 
t Now Sir Maik Isambarcl Bianel 
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perpendicularly up and down, just before the tool descends, the 
block IS traversed a q^uantity equal to each cut or shaving 

The cutter is made cylindrical, and is formed just like a 
quill pen, but sohd and with an elliptical cutting edge instead of 
the points “The chisels are provided with small teeth which 
are fitted into dove-tailed notches formed in the blade of the 
chisel These are called scnbers, they have a sharp edge pro- 
jecting a short distance beyond the inside edge of the chisel, 
andtherefore in descending through the mortise, the scnbers cut 
the sides of the mortise fair, and make two clefts which separate 
the chip (which will be cut out at the next stroke), at its edges 
from the inside of the mortise, so that the chip comes out clean 
without splitting at the edges, and this makes the inside of the 
mortise as clean and smooth as possible * A. hole is drilled 
nearly in the axis of the cyhnder, foi the insertion of a pm, by 
which the shavings are thrust out when they happen to clog 
the hole 

Ey forming the tool of a semicircular section and with two 
small fins, or edges projecting at right angles from the ends of 
the diameter, and then sharpening it so that the diameter 
becomes a straight chisel edge, the scribing points are formed 
in the solid with the chisel, and are continually restored as the 
to oils sharpened Thetool is then perfectly analogous to fig 834, 
page 485, if we suppose the plane condensed into a long chisel 
of semicircular section, equal to the diameter of the hole, the 
progressive elongation of which it has to effect 

There are manyuseful apphcations of revolvingjigttred planes, 
moving through eurved paths, by which we obtain figures of 
double curvature, as explained in the theoretical diagram, 
fig 317, page 464 Mr Brunei introduced an example of this 
in the scoring engine, one of the machines recently adverted 
to, for the manufacture of ships' blocks 

It is intended to form the groove around the block, for the 
rope by which it is attached to the rigging The revolving plane, 
is a disk of brass with a round edge and two cutters, inserted 
at an angle of about 30° with the radius , it traverses around 
the one side of the block, and receives its direction from a 
shaper plate or pattern placed parallel with the block, by which 


^ Rees s Cyclopedia article ‘ Kacliiiiery for man-ufactunng Ships Blocks. 
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arrangement the cutter makes the groove deep at the ends, hut 
shallow where it passes the pm or axis of the sheave The same 
method has been subsequently extended to shaping the entire 
block with cutters of the full width, applied at foui times * 


These several machines are compounds of slides and guides, 
and of fixed or re\olving planes the relative degrees of perfec 
tion attained, depend on the stability of the machines, and their 
respective agreement with the pimciples of the ordinary hand 
tools, which aie generally themselves, the last stages of a long 
series of gradual improvements 

But the absence of some of the true characteis of the plane, 
in neaily the whole of the machines for wood, namely, the propei 
obliquities of the iron the frequent want of the mouth of the 
plane, and of the top or breakei iron, which so greatly restrains 
the splitting and tearing up of the fibres prevent the machines 
from producing, m the softer woods, the smooth finished work 
of hand tools, in the management of which the judgment of the 
operator can be employed to combat the peculiarities of fibie 
But the enormous pioductive powers of such machines, out 
weigh these drawbacks, and the more especially so, as the 
general forms or outlines aie lepeated by them in a most exact 
manner, and a little after trimming by hand imparts the neces 
sary finish 

In speaking of the apparatus for ornamental turning, there 
will be occasion to show that these same principles aie strictly 
embodied in miniature, m the vaiious parts of the complex lathe 
for ornamental turning, hut as the hardwood and ivory therein 
generally used, admit of the employment of scraping tools, not 
requiring either the obliquity of the cuttei, or the mouth of the 
plane, the above objections do not apply to them, and their seveial 
results exhibit a much nearer approach to peifecti()n 


* In revolving planea for wood the cutters shoxxld always present an obliquity 
of about 80 to the radius otherwise oi when the cuttei s are placed radially they 
only scrape or act like saws Some of those planes are made of one disk of steel 
in which case there are four five or six openings like the mouths of rebate 
planes the on© side of each wedge or cutter is now a part of the circumference 
the other is elevated some 20 or -50 degrees thereby resembling the spokeshava 
iron Ihis form of cuttei, although nearly perfect is very expensive, and difficult 
to maintain in oi der 
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CHAPTER XXIV 

TURNING TOOLS 


SECT I — EACILITT Or TtTENING COMPARED WITH CARPENTRY 

Thf process of turning is accomplished with considerably 
more facility truth, and expedition, than any other process 
recj^uiring cutting tools because in the most simple application, 
of the ait the guide pr^nc^ple is always present, namely, that of 
rotation The expedition of the process is due to its being un 
interrupted or continuous, except as regards the progressive 
changes of the tool, and which is slowly traversed from pait to 
pai t, so as to be nearly always in action 

To choose the most simple condition, let us suppose the 
material to be m rotation upon a fixed axis, and that a cutting 
tool IS applied to its surface at fifty places Provided the tool 
remain quiescent at one place, for the period of revolution of 
the mateiial, the parts acted upon will eich become one circle, 
because the space between the tool and the axis is for a period 
constant, and the revolution of the mateiial converts the distance 
of the tool fiom the center, into the radius of one ciide, and the 
same is equally true of the fifty positions 

The fifty ciicles will be concentric, or parallel with each other, 
because the same axis extended, or continued as a line, remains 
constant, or is employed foi each of them and therefore con 
ceiving the fifty circles to be as many parts of the outline of a 
vase or other object simple or complex it will be strictly 
symmetiical, or equidistant fiom the central line atcoriespond 
mg parts ^ 

Each of the fifty circles will also become the margin of a 
plane at right angles to the axis, and which axis being a straight 
line, the whole of the circles will be parallel, and therefore the 
top and bottom of the vase will be also exactly parallel And yet 
all these accurate results must inevitably occur, and that without 
any measurement, provided the material i evolve one on fixed 
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axis, and that the tool is for a short period constant or stationary 
at each pait of the surface, conditions inseparable from the 
turner s ait 

The punciple of rotation upon a fixed axis, removes the 
necessity for many of the steps and measuiements requiied to 
produce with accuracy the various angular solids employed in 
carpentry and many other aits For example, at page 501 the 
methods were explained by which the joiner produces the thiee 
pairs of parallel surfaces A a, B h, G of fig 355, and which 
are generally requiied in each separate piece of his work And 
m making a box he has to combine six such pieces with the 
same relations of parallelism, and therefore thirty six various 
surfaces have to be operated upon, to obtain the hollow cube, or 
the carpenter^s box 

The turner s box consists of two pieces, in place of six, as the 
bottom and its four sides aie resolved into one piece , when of 
vood, by nature in the forest when of metal, by man in the 
ciucible The sui faces are therefore reduced fiom thirty six to 
eight, namely the inner and outer surfaces of the bottom and 
lid amounting to four, and the innei and outer sides or margins, 
amounting to four also, and the revolution of the work upon one 
axis places the eight in exact and tiue lelation with extreme 
rapidity 

For example, the ends or terminal planes of the box, are from 
necessity at right angles to the axis of rotation, and parallel 
with each other In each of these superficies the question of 
being %n or out of winding ceases , as if straight, they can only 
be planes or cones, and which the one straight edge immediately 
points out 

The principle of rotation ensures circularity in the work, and 
perpendicularity or equality as regards the central line, it only 
remains, therefore, to attend to the outline or contour The 
right line serves to produce the cylinder, which is a common 
^outline for a box, and the employment of mixed, flowing, and 
arbitraiy lines, pioduces vases and ornaments of all kinds, the 
beauty of which demands attention alone to one single element, 
or conception, namely, that of foim , and in the choice and 
production of winch a just appreciation of di awing and proioor 
tion gieatly assist 

In the ait of diawiiiij, it is almost essential to the freedom of 
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the result, that the lines should be delineated at once, and 
almost without after correction in the art of turning, it is 
always desirable to copy a drawing or a sketch, but having 
nearly attained the end, the tool may be continually re applied, 
paitiall} to remove any portions which may appear redundant, 
until the most scrupulous eje is satisfied 

The combining of the several parts of turned objects, as the 
separate blocks of which a column or other work is composed, 
IS greatly facilitated from the respective parallelism of the ends 
of the pieces of which turned objects consist , and the circular 
tenons and mortises, whether plain or screwed, place the differ- 
ent pieces perpendicular and central with very little trouble 
These several, and most important facilities in the art of 
turning are some amongst the many reasons for its having 
obtained so extensive and valuable an employment m the more 
indispensable arts of life, as well as in its elegances 

The relative advantages of the different sections of the tree, 
as regards the works of the turnei and carpenter, were explained 
with figures m the fifth chapter of Vol I at pages 49 and 50, 
where it IS shown that, from various reasons, the tiansverse 
section of the entire tree or branch is the most generally pxoper 
for the lathe and therefore in turning the tops and bottoms of 
works, as in figs 13 and 14, i)age 40, Vol I we aie cutting 
across the ends of the fibres, and in turning the sides of the 
same we are, as it were, proceeding across the width of a |)lank 
or hoaid 

The tools used in turning the woods act much in the manner 
of the blades of the carpentei s planes, but as we have now, at 
all times, a circular guide in the lathe mandrel, we do not 
requiie the stock of the plane or its rectilinear guide Although 
if we conceive the sole of the plane applied as the tangent to 
the circle, the position it would give is nearly retained, but we 
are no longer encumbered with the stock oi guide In turning^ 
tools for soft woods, the elevation of the tool, and the angle of 
its edge are each of them less than in oidinary planes, and in 
those lor the haid woods both angles are greater 

For example, the softest woods are turned with tools the 
acute edges of which measure about 20 to 10 degrees, and aie 
applied nearly in coincidence with the tangent, as in fig 360 
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These tools closely assimilate to the spokeshave, which is the 
plane of the lowest pitch and keenest edge On the contrary, 
the hardest woods maybe turned with the above soft wood tools, 
applied just as usual, but on the scoie of economy and general 



conveniencej the edges are thickened to from 60 to 80 degrees, 
and the face of the tool is applied almost horizontally on the 
lathe rest, or as a radius to the circle, as in fig 361, thus 
agieeing with the opposite extreme of the planes, in which the 
cutter IS peipendicular and much less acute, as in the scraping 
and toothing planes, which are only intended to scrape and not 
to cut 

The hard wood tools maybe figured, and employed as scrapers 
in turning the members of the capital or the base of a column, 
or similar object in hard wood or ivory, but if we try the same 
tools on deal, ash, and other soft woods, we shall m vain attempt 
to produce the capital of a column, or even its cjlindrical shaft, 
with a thick horiziontal tool as in hard wood, for the fihies would 
not be cut, but forcibly torn asunder, and the surface would be 
left coarse and raggei 

But a leference to the planes with which the joiner proceeds 
aooss the fibres of deal, will convey the particulais suited to the 
present case, the non is alwajs thin and sharp, and applied in 
an oblique manner, so as to attack the fibre fiom the one end, 
and virtually to remove it m the diiection of its length 

It IS proposed now to desciibe some of the more important of 
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the turning tools comniencing with those employed on the soft 
grained woods, but it would be both hopeless and unnecessai^ 
to attempt the notice of all the varieties which are to be met 
within the hands of different individuals, and as their prac 
tical applications will be entered upon m detail in the sue 
ceeding volume, only so much will be here advanced as it is 
hoped may serve to explain the modifications of the geneial 
principles of cutting tools, to some of the more usual purposes 
of turning To avoid repetition, it may he ohseived, that in 
genera] the position of the tool for turning the cjlmder, and 
secondly that for the flat surface or plane, will be alone de 
scribed For works of intermediate angles, whether cuives or 
flowing lines, the position of the tool slides from that for the 
cylinder to that for the plane, oi the reverse, and these changes 
will be readil} made appaient, when the reader gradually moves 
either a tool or even a rod of wood, from the one to the other 
of the desciihed positions 

It may be added, that most of the tools for metal are applied 
diiect from the giindstone, the oilstone being used for such tools 
only as are emplo}ed for the moie delicate metal woiks, or for 
the last finish of those of stionger kinds, all the tools for wood, 
ivoiy, and similar materials are invariably sharpened on the 
oilstone It may be desirable to remaik, in addition, that the 
lough exterior faces of all works should be turned with nariow 
or pointed tools, and only a nairow poition at a time, until 
the surf ices are peifectly true oi conceiitiic as wide flat tools 
applied to rough iiregulai suifaces, e'^pecially of metal, would 
leceive a vibiatoi}, oi lather an endlong motion, quite mcom 
patible with tiuth of work 


SECT n — TLRNING TOOLS TOR SOIT WOOD 
Angle 20 to 30 — Figuies genet allg half si e 

The tools most geneially used foi turning the soft woods, arc 
the gouge and chisel, figs 362 to 365 whciein they are shown 
of one fouith their medium size, they vary from one eighth to 
two inches wide, and as they are nevei driven with the mallet, 
they do not lequire the shoulders of the carpenter s tools, they 
aie also ground differently The turmng-gouge is ground cxt( i 
iially and obliquely, so as to make the edge elliptical, and it is 
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principally tlie middle portion of the edge which is used the 
chisel IS giound from both sides, and with an obliq[ue edge, 
and figs S66 and 867 represent the full thickness of the chisel 
audits 01 dinary angles, namely, about 25 to 30 degrees for soft, 
and 40 for haid woods The gouges and chisels wider than one 
inch are almost invariably fixed m long handles measuring with 
the blades from 15 to 24 inches, the smaller tools have short 
handles in all ftom 8 to 12 inches long 

Fig 360 shows the position of the gouge in tuining the 
C}linder, the bevil lies at a tangent, and tlie tool generally 


Figs 362 863 
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icsts on the middle of tlie back, or -with tlie concave side 
upwardb, the Litioniity of the liaudle ib held lu the light baud 
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close to the person and the left hand grasps the blade, with the 
fingers folded beneath it, and in this manner the gouge is 
traversed along the cylinder 

For turning the flat surface, the gouge is supported on its 
edge, that is with the convex side towards the plane of the 
woik, and with the handle neaily horizontal, to bring the center 
of the chamfered edge m near coincidence with the plane , the 
tool is inclined rather more than the angle at which its chamfer 
IS ground and it is gradually thrust fiom the margin to the 
center of the work 

The gouge is also used for hollow works, but this application 
lb somewhat more difficult For the internal plane, the position 
IS almost the same as for the external, except that the blade is 
moie inclined horizontally, that it may be first applied in the 
center, to bore a shallow hole, after which the tool is traversed 
across the plane, by the depression of the hand which moves 
the tool as on a fulcrum, and it is also rotated m the hand 
about the fourth of a circle, so that in completing the margin, 
or the internal cylinder, the tool may he as in fig S60, but with 
the convex instead of the concave side upwards as there shown 
In figs 368 and 370 aie represented the plans, and m 300 

and 371 the elevations, of the liooh tools for soft wood, 

which maybe called internal 
gouges, they differ some 
what in size and form, the 
blades are from 6 to 12 
inches long, the handles 12 
to 15 They are sharpened 
from the point around the 

hook as far as the dotted 

lines, mostly on one, some 
times on both sides, as seen 
by the sections The hook 
tools follow very nearly the 
motion of the gouge in hol- 
lowing, the rest is placed 
rather distant and oblique , the tool is moved upon it as a 
fulcium, and it is also rotated m the hand, so as always to place 
the hevil of the tool at a veiy small inclination to the tangent 
Ihe finishmg tools used subsequently to the gouges or hook 


Figs 368 369 


370 


371 
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tools have straight edges, the chisel, fig 364, is the most 
common, its position closely resembles that of the gouge, sub 
ject to the modifications called for by its rectilinear edge If, 
for example, the edge of the chisel were just parallel with the 
axis of the cylinder, it would take too wide a hold there would 
be risk of one or other corner digging into the work, and the 
edge, from its parallelism with the fibres, would be apt to tear 
them out All these inconveniences are avoided by placing the 
edge oblique, as in fig 364, in which the tool may be supposed 
to be seen in plan, and proceeding from right to left, fig 360 
being still true for the othei view , the tool is turned over to 
proceed from left to right, and both corners of the tool are 
removed from the work, by the obliquity of the edge The tool 
may be ground square across, but it must be then held m a 
more sloping position which is less convenient 

Turning a flat surface with the chisel is much more difiicult 
The blade is placed quite on edge, and with the chamfer in agree 
ment with the supposed plane a, 6 , c, fig 366 , the point of the 
chisel then cuts through the fibres, and removes a thin slice 
vhich becomes dished in creeping up a, d, the bevil of the tool , 
it then acts something like the scoring point of the planes or the 
point of a penknife Flat surfaces, especially those sunk beneath 
the surface, as the insides of boxes, are frequently smoothed 
with an ordinary firmer cbi 373 

stl, which IS ground and 
shaipened with one bevil, 
but rather thicker than for 
caipentiy 1 he edge is then 
burnished like the scraper, 
p 484, and it is applied 
hoiizontally like a hard 
wood tool, as in fig 361, but 
against the face or plane 
surface The wire edge then 
lies in the required position, 
but it must be frequently 
renewed 

i he h oad, represented in 
three views in fig 372 enduies much longer, but it requires to 
be held downwards or undc'ihand, at about an angle of 40 to 60 
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degiees from the lioiizontal, in older to bring its edge into the 
proper relation to the plane to be tmned Another form of the 
bioad IS also represented in fig 373 it is a cylmdiical stem, 
upon the end of which is screwed a triangular disk of steel, 
sometimes measuring 3 inches on the sides, and sharpened exter 
nally on each edge, this tool requiies the same position as the 
last Bioads of the foims 5, c are also used, but xinncipally for 
large works, the plank way of the gram ^ 

For the insides of c}lindeis, the side tool fig 374, which is 
repiesented in three views is sometimes used , it is shaipened 
on both edges, and applied hoiizontall} The tool fig 375, also 
shown in three views, serves both for the sides and the bottoms 
of deej) woiks, but it does not admit of being turned over , and 
376 is another foim of the same tool for shallowei woiks, the 
Clanked foim of which is coiisideied to give it abetter pui chase 



The tools used for cutting screws in soft wood, by aid of the 
tiaversmg or screw mandiel lathe, partake of the same general 
chaiacteis as the others, and are represented in their relative 
positions, fig 377 is for the outside, and 378 for the inside 


^ Similar tools are also used for tuimn^, pew tor wares 
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sciew To conclude the notice of tools of this class, the parting 
tool, fig 379, has an angular notch or groove on its upper 
surface, fiom which it results that when the tool is shaipened 
on the henl 6, the upper face / presents two points, which sepa 
rate the fibres hy a double incision This method wastes only 
as much wood as equals the thickness of the tool, and it leaves 
the work smooth and flat , whereas, when the angle of the 
chisel IS used for the same purpose, seveial cuts are required, 
and the gap must piesent a greater angle than the hevil of the 
tool, and which consumes both time and wood 

The various turning tools for soft woods which have been 
described are, with the exception of the gouge and chisel nearly 
restricted to the makers of Tunbridge ware, toys, and common 
turnery , with them they are exceedingly effective, but to others 
somewhat difficult The amateur turner scarcely uses more than 
the common gouge and chisel, and even these but insufficiently, 
as much may be done with them , it has been shown, for in 
stance, that moulding tools cannot be used for the soft woods, 
but they are eflaciently replaced by the gouge foi the concave, 
and the cmsel for the convex mouldings, which pioceedings will, 
however be detailed in the fourth volume 
A good fair practice on the soft woods would be found very 
greatly to facilitate the general manipiilition of tools, as all 
those for the soft woods, demand consideiably moie caie as to 
then positions and management than those next to be described 

SECT ra — TURNING TOOLS TOR HARD WOOD AND IVORY 
Angle 40 80 — Tigmes genemlly half size 

The gouge is the preparatory tool for the hard as well as for 
the soft woods, but it is then ground less acutely , the soft wood 
chisel may indeed be employed upon the hardest woods, but 
this is seldom done, because the tools with single bevils, held in 
a horizontal position, as in fig 361, page 611, aie much more 
manageable, and on account of the different natures of the 


Pigs 880 381 



materials they are thoroughly suitable, notwithstanding that 
their edges are nearly as thick again as those of soft wood tools 
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Tn general, also, the long handles of the latter are replaced by 
shorter ones, as in figs 380 and 381 measuring with the tools 
from 8 to 13 inches , but these give in general an abundant 
purchase, as from the nearly horizontal position of the tool, the 
lathe rest or support can be placed much neaier the woik 
The hard-wood tools aie often applied to a considei able extent 
of the work at one time, and the finishing processes are much 
facilitated by selecting instruments the most nearly m cones 
pondence with the required shapes Rectilinear surfaces, such 
as cylinders, cones, and planes, whether external or internal, 
necessarily require tools also with rectilinear edges, which are 
sloped in vaiious ways as regards their shafts , they are made 
both large and small, and of propoitionate degrees of stiength 
to suit works of diffeient magnitudes the following are some 
of the most usual kinds 



The right side tool fig 383, cuts on the side and end, the dotted 
lines being intended to indicate the undercut bevil of the edge , 
it IS thus named because it cuts from the right hand towards the 
left The tooZ, fig 383 isjustthereveise The flat tool, 

fig 884, cuts on both sides, and on the end likewise , and in all 
three tools the angle seen in plan, is less than a right angle, to 
allow them to be applied in rectangular corners The point tool, 
fig 385, IS also very convenient , and hevil tools, figs 386 and 
387, the halves of the former, are likewise employed , figs 388 
show the general thicknesses of these tools When any of them 
are very narrow they are made proportionally deep to give sufli 
cient strength, the extreme case being the parting tool, fig 389, 
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which IS no longer required to be fluted as mthe corresponding 
tool for soft wood but the side tools, when used for small and 
deep holes, necessarily require to be small m both respects, as 
in fig 390 The application of the mside parting tool, fig 391, 
has been previously shown on page 151 Yol I , in respect to 
the removal of rings of ivory fiom the interior of solid works, 
in preference to turning the materials into shavings , it is also 
useful in some other undercut works 

Some of the curvilinear tools for hard wood are represented 
in the annexed group , the semicircular or round tool, fig 392, 


Figs 392 393 394 395 396 397 898 899 400 401 



is the most general, as concave mouldings cannot be made 
without it, and it is frequently divided, as m the quarter round 
tools, figs 393 and 394, it is convenient that these should be 
exact counterparts of the mouldings, but they may also be used 
for woiks larger than themselves, by sweeping the tools around 
the curves Convex mouldings are frequently made by recti 
linear tools, which are carried round in a similar manner, so as 
to place the edge as a tangent to the curve, but the bead, 
fig 395, the astragal, fig 396, or the quarter hollows figs 397 
and 398, facilitate the processes anJ complete the one member 
* of the moulding at one sweep, and enable it to be repeated any 
number of times v/ith exact uniformity 

Frequently the tools are made to include several members, as 
the entire base or capital of a column, as in fig 399 Similar 
figured tools, have been applied to turning profiles of about one 
or one and a half inches high, by employing four different tools, 
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embracing eacl. about a quarter of tlie profile, and applied at 
four radial positions, around a ring of some thiee to five mcbes 
diameter tlie rings are cut np into raaial slices and turned 
flat on eacli face prior to being glued upon tablets Profiles 
have been likewise successfully and more skilfully turned by 
the ordinary round point, and flat tools, winch processes will ho 
proposed as examples in the piactical part of thefouitli yolunie 
Figs 400 to 403 repiesent some of the various kinds of inside 
tools, which arereqmred for hollowing vases andundei cut works 
and 404 the inside scoew tool and 405 the outside screw tool for 
hard wood, ivory and the metals These tools are made mth 
many points and are hevfiledlike the rest of the group They 
will be further noticed in the chapter on sciew-cuttmg tools 
The hollow tools, figs 395 to S98, may he sharpened with a 
narrow slip of oil stone used almost as a file , but their sweeps are 
more accuiatelj sharpened by conical metal gnndeis, supplied 
with emery, as will be explained , most other moulding tools, 
and the screw tools, are only sliaipened upon the face The 
ends of these tools may be whetted at a slope if it he more 
giadual, than iii fig 406 This, however, inci eases the angle of 
the edge, but hy nicking in the tools as m fig 407, by applying 
them transversely on the giindstone the oiigin \1 angle is mam 
tamed, and which is the bettei mode for scievv tools moic 
especially 

SECT IV — TTJBNING TOOLS FOR BRASS 
Angles 90 — Figv/i es genet ally the sobnie as the tools fm hat d wood 

The turning tools for brass are in geneial simple, and nearly 
restricted to round, point, flat, right and left side tools, parting 
tools and SCI ew tools, theyclosely resemble the haid woodtooln, 
except that they are generally ground at angles of about 60° oi 
70°, and when sharpened it is at an angle of 80° oi 90° , some 
few of the finishing oi plamsliing tools, are ground exactly at 
90°, upon metal laps or eineiy wheels, so as to present a cutting 
edge at every angle and on both sides of the tools 

It IS not a little curious that the angles wliicb are lespec 
tively suitable to brass and to iron,aie definitively shown to 
be about 90 and 60 degrees For turning brass, a worn out 
square file is occasionally ground on all sides to deprive it of its 
teethyit is used as a side tool, and is slightly tilted, as m 
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fig 408, just to give one of the edges of the prism sufticient 
penetration , but applied to iron, steel, or coppei, it only sciapes 
with inconsiderable effect A triangular file, fig 409, similarly 
ground, cuts iron with gieat avidity and effect, but is far less 


Figs 408 409 410 



suited to brass it is too penetiative, and is disposed to dig 
into the woik It appears indeed, that each diffuent substance 
requires its own particular angle, from some circumstances of 
internal anangement as to fibre or crystallization not easily 
accounted for 

A stout narrow round tool, fig 39^, in a long handle, serves 
as the gouge or roughing out tool for brass work otheis prefer 
the point fig 385, with its end slightly lounded, winch com 
bines, as it were the two tools withincieased strength , a small 
but strong right side tool 382 is also used m rough turning, 
the graver figs 411 and 412, although occasionally employed 
for biass is more piopei for iron, and is theicfoie desciibed in 
the next section 

11 x 0 wide hnishing tools should not he lesoited to under any 
cii cumstances until the work is roughed out nearly to the shape, 
and reduced to perfect concentricity or truth, with narrow tools 
winch only embrace a very small extent of the work 

It IS the general impicssion that in taking the finishing cuts 
on biass it is impolitic, either to employ wide tools, oi to support 
them m a rigid -solid manner upon the rest as it is apt to make 
the work full of fine lines or striae Ihis effect is perhaps jointly 
attiibutahle to the facility of vibration which exists m brass and 
similar alloys, to the circumstance of then being frequently 
used in thin pieces on the score of economy, and to then being 
* otated more rapidly in the lathe than iron and steel, to expedite 
the piogiess of the woik 

When a wide flat tool is laid close down on the rest and 
made to cut with equal effect throughout its width, lines aie 
\(iy hk( ly to appear on the metal and winch il thin, nugs like 
abellfiom the vibiation into which it is put, but if the one 

M M 
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corner of the tool penetrate the work to the extent of the thick 
ness of the shaving whilst the other is just flush with the 
surface, or out of work, the vibration is lessened, and that 
whether the penetrating angle or the other move in advance 
The biass turner fieq[ueiitly supports the smoothing tool 
upon the one edge only, and keeps the other slightly elevated 
from the rest by the twist of the hand, which thus appears to 
serve as a cushion or spring to annul the vibrations, fig 410 
shows about the greatest inclination of the tool Some work 
men with the same view interpose the finger between the tool 
and the rest, in taking very light finishing cuts Ihe general 
practice howevei, is to give the tool a constant rotative shullling 
motion upon the supported edge, never allowing it to remain 
strictly quiet, by which the direction of the edge of the tool is 
eontmually changed, so as not to meet in parallelism any former 
striffi which may have been formed, as that would tend to keep 
up the exciting cause, namely, the vibration of the metal The 
more the inclination of the tool, the greater is the disposition 
to turn the cylinder into small hollows 

Some workmen burnish the edges of the fimsliing tools for 
brass, like the joiners scraper, oi the firmer chisel used in soft 
wood turning On account of the greater hardness and thick 
ness of the edge of the tool, it cannot be supposed that in these 
cases any very sensible amount of burr or wire edge is thrown 
up The act appears chiefly to impart to the tool the smooth 
ness and gloss of the burnisher, and to cause it, in its turn, to 
burnish rather than cut the work, the gas fitters call it a 
planishing tool, but such tools should never he used for accu 
rate works until the surface is perfectly tine and smooth 
The hard wood and brass turners avoid the continual neces 
sity for twisting the lathe rest in its socket to vaiious angular 
positions, as they mostly retain it parallel with the mandrel, and 
m turning hollow works they support the tool upon an arm 
rest , this is a straight bar of iron, which resembles a long 
handled tool, but it has a rectangular stud at the end, to* 
prevent the cutting tool from sliding off 

The position of the arm rest and tool, as seen in plan, are 
therefore nearly that of a right angle , the former is hold under 
the left arm, the latter m tilie right hand of the woi liman, the 
fore fingers of each hand being stretched out to meet near the 
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end of the tool This may appear a difficult method, but it is 
in all respects exceedingly commodious, and gives considerable 
freedom and choice of position in managing the tool, the advan 
tage of which is paiticularly felt in guiding the fiist entiy of 
the drill or the path of the screw tool, and in brass work it 
likewise renders the additional service of associating the tool 
with the elastic frame of the man But when particular firm 
ness and accuracy are required the tool should be supported 
upon the solid rest as usual 

SECT V — TURNING TOOLS TOR IRON, STEEL, ETC 
AngUs 60 to 90 — Figwes gmemlly one sixth the full sue 

The triangular tool is one of the most effective in turning 
these metals as was adveited to at page 521, the triangular 
tool IS also used by the engravers and others for scraping 
the surfaces of the metals, and it is then applied nearly perpen 
dicuhi, or as a penknife m eiasing, but when the tiiangular 
tool IS placed nearly as a tangent against the innei or outei edge 
of a ring oi cylindei, as m fig 409 it seems almost to devour 
the metal, and instead of scratching, it brings off coarse long 
shavings In turning the flat sides of the ring, the face of the 
tool is placed almost in agieement with the plane to be turned 

The giamr, which is also an exceedingly general tool, is 
a squaie bar of steel ground off at the end, diagonally and 
obliquely, generally at an angle of from 30 to 50 degrees The 
parts piincipally used aie the two last portions of the edge close 
to the point, and to strengthen the end of the tool a minute 
facet IS sometimes giound off, nearly at light angles to the broad 
chamfer, or principal face 

The pioper position of the tool in turning a cylinder, will be 
most readily pointed out by laying the chamfer of the tool in 
exact contact with the flat end of such cylinder, it will be then 
found that one of the lateral angles of the tool will touch the 
rest, and the obliquity in the shaft of the tool, would be the 
angle, at which the giaver is giound, instead of which it is held 
square and slightly elevated above the hoiizontal position, as 
shown in fig 411 The giaver is lotated upon the suppoiting 
angle, winch sticks into the rest much the same as the edge of 
the triangulai tool m fact, the two tools, although diflerent in 
form, remove the shaving in a veiy similar manner 
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In nsing the graTer and other tools for the metals, it is the 
aim to avoid exposing the end of the tool to the rough gutty sur 
face of the material This is done by cleanin g the surface, espe 



cially the extreme edge with an old file, and beginning at that 
edge, the work is at one sweep reduced nearly to its required 
diameter by a wide thin cut which may be compared with a 
chamfer, or a conical fillet connecting the rough external surface 
with the smooth reduced cylinder Therefore after the first 
entry, the point of the tool is buried in the clean metal below 
the crust, and works laterally which is indeed the general path 
of pointed tools for metal 

When the graver is used in the turn bench with intermittent 
motion, as for the pivots of watches, the axes for sextants and 
other delicate woiks it is applied met hand or inverted, as in 
fig 412, but it is then necessary to withdraw the tool during 
each back stroke of the bow, to avoid the destruction of the 
acute point, and which alone is used The graver when thus 
apphed in lathes with continuous motion, is only moved on the 
rest as on a fulcrum, and in the plane in which it lies, rather as 
a test of work done, than as an active instrument 

The edge of the graver is afterwards used for smoothing the 
stronger kinds of work, it is then necessary to incline the tool 
horizontally to near the angle at which it is ground, in order 
to bring the sloping edge parallel with the surface But the 
smoothing IS better done by a thick naiiow flat tool, ground 
at about sixty degrees, the handle of which is raised slightly 
above the horizontal, as in fig 41d, in order that its edge may 
approach the tangential position , here also the tool is rotated 
on one edge, after the manner of the brass tools or the graver 
hor many slight purposes requiring lather delicacy than 
strength as in finishing the rounded edge of a washer, the flat 
tool is inverted or placed bevil upwards, as in fig 414, the 
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lower side then becomes the tangent, and the edge the axis of 
rotation of the tool the same as in turning convex mouldings with 
the soft wood chisel Indeed, many analogies may be traced be 
tween the tools respectively used foi soft woods and iron, except 
that the latter are ground at about twice the angle to meet the 
incieased resistance of the haid metal, and the tools are mostly 
sustained by the direct support of the rest instead of resting m 
great measure against the hands of the individual 

For instance, the heel tool which is used for rough turning the 
metals, is repiesented of the full size in the side view fig 415, 
and the front view, fig 416, and also on a smaller scale in figs 
417 and 418 The dotted lines a, fig 417, denote the relative 



position of the fluted gouge, and although the heel or hook tool 
occupies neaily the same spot, its edge is of double the thickness, 
and the entire resistance of the cut is sustained by the heel of 
the tool, which is poised upon the flat hoiizontal surface of the 
rest the shaft of the tool is bent nearly at right angles that it 
may be held either above or below the shoulder of the workman 
as preferred Some vaiiation is made in the form and size of 
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the heel tools, and they are occasion illy pointed instead of round 
upon the cutting edge 

The heel tool is slightly rotated upon its heel in its couise 
along the 'woik, so that, as seen at h, its edge travels in short 
arcs, and when its position becomes too inclined, a fresh footing 
IS taken , on this account the straight handle, employed in ordi 
nary tools, is exchanged for the transverse handle represented 
In the best form of heel tools the square shaft lies in a groove 
in the long handle, and is fixed by an eye bolt and nut, passing 
through the transveise handle, as seen in the section 418 
Notwithstanding the great difference between the materials 
upon which the gouge and heel tool are employed, their manage 
ment is equally easy as in the latter the rest sustains the great 
pressure, leaving the guidance alone to the individual 

Fig 419 represents another kind of hook tool fat iron winch is 
curiouslj hke the tools, figs 368 to 371, p 514, used for soft 
wood, the common differences being here also observable, namely 
the increased strength of edge, and that the one edge is placed 
upon the rest to secure a firm footing or hold 

Nail head tools are made much on the same principle, one of 
these fig 420, is hke a cyhndei, terminating in a chamfeied 
overhanging disk to be rolled along so as to follow the course 
of the work, but it is rather a theoretical than practical instiu 
ment 'When, however, the tool is made of a square or 
rectangular bar, and with two edges as at fig 421, it is excel 
lent, and its flat termination greatly assists in imparting the 
rectilinear form to the work Occasionally the bai is simply 
bent up at the end to present onlj one edge, as in fig 122, it is 
then necessary the cuived part should be jagged as a file to cause 
it to dig into the rest like the otlieis of its class, and which 
present some analogy to the soft wood tools, figs 372 and 373, 
p 51o 

The cranked or hanging tools, fig 423, are made to embrace 
the rest, by which they are pi evented from sliding away, with^ 
out the necessity for the points and edges of the heel tools , 
the escape of the cranked tool sideways is prevented by the pm 
inserted in one of the several holes of the rest Ihe direct 
penetration is caused by the depression of the hand , the side 
way motion by rotating the tool by its transveise handle, which 
IS frequently a hand vice teniporarily sciewed upon the shaft 
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To save tlie trouble of continually sliifting tlie latbe rest, an iron 
wedge, (not represented,) is generally introduced at a, between 
the rest and the back of the tool , when the wedge is advanced 
at intervals it sets the tool deeper into the work, when it is 
withdiawn it allows more room for the removal of the tool 



The succeeding figure, 424, represents a tool of nearly similar 
kind, the stock is of iron, and it carries a piece of steel, about 
three or four inches long, and one inch square, which is forged 
hollow on the faces by means of the fuller, to leave less to be 
ground away on the stone The rectilinear edges of this tool 
are used for smoothing iron rollers, non ordnance, and other 
works turned by hand, and to preserve the edge of the tool, thin 
spills of hard wood are sometimes placed between the cutter and 
the bar Under favouiable aiiangements these tools also are 
managed with gieat facility , indeed it occasionally happens that 
the weight of the handle just supplies the necessary pressure to 
advance the tool, so that they will rest m proper action without 
being touched by the hand , a tolerable proof of the trifling 
muscular effoit occasionally lequired, when the tools aie judi 
ciously moulded and well applied 

These hand tools and various others of the same kinds, 
although forineily much used by the millwiights, are now in a 
gieat measure leplaced by the fixed tools applied m the sliding 
rest, some account of which will be given m the next section 

SECT VI — FIXED on MACHINE TOOLS FOR TURNING AND PLANING 

Angles as m the h<md taoU-^ Figures generally onefowih to one eighth 
the full size 

* The performance of fixed tools is, m geneial, much more 
effective than that of hand tools , as the rigid guides and slides 
now employed, do not sufier the musculai fatigue of the man, 
nor do they experience those fluctuations of position to which 
his hand is liable Iheicfore, as the tool pursues one constant 
undeviatmg course, the corresponding results are obtained both 
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more ecoDomically and more accuiately by the intervention of 
the gmde principle, or the slide 'test fiom which we deiive tie 
slide lathe and thence the planing machine and many othei 
most invaluable tools 

The cutting edges of machine tools mostly follow the same 
circumstances as those of hand tools but additional care is 
required in forming them upon pimciple , because the shafts of 
the fixed tools are generally placed with little power of deviation 
eithei at light angles to or paiallel with, the suiiaces to be 
wrought the tools aie then held in the non giasp of sciews 
and clamps, in moitises, staples, and giooves The tools do not, 
therefoie admit of the same accommodation of position to 
compensate toi erroneous constiuction, or subsequent deteiiora 
tion from weai, as when they are held in the hand of the work 
man, and diiected by his judgment 

It must also be additionallj home in mind that, however pon 
derous elaborate, oi costly the machine may he, its effectiveness 
entirely dejpends upon the proper adaptation and endurance of the 
cutting tool, thiough the agency of which it produces its results 

The usual position of the fixed turning tools is the honzontal 

line, as ata,fig 425 and unless the 
tools always he on the radius (or 
any othei predetermined line,) 
vaiiousinteifeientes occur For 
instance the tool proceeding in 
either of the lines h or c, could not 
re ich the center of the work, and 
a portion would then escape being 
wi ought , the curvature of the 
ciicle at h, would saciificethe pro 
per angle, and expose the tool to 
fiacture from the obliquity of the 
strain and at c, the edge would , 
he altogether out of contact and 
the tool could only rub and not 
cut These evils increase with 
the diminution of the circle, and 
although the diagram is greatly 
exaggerated for illustration, the want of centiality is in truth 


Fig 425 d e J 
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an evil of such, magnitude that various contiivances aie resorted 
to by which either the entire slide rest, or the cutter alone 
may be adjusted for height of center 

Ihe planing tools foi metal are in general fixed veiticalh , and 
the pith of the woik being in themajoiity of planing michmes, 
rectilineal and horizontal, the tool may be placed at d, e, oi Jf 
indiffeientl} , theie being no inteifeience fiom cuivatuie as m 
turning 

In those modifications of the plining machine m which asm 
Brunei s moitising engine the cutter travels peipendicuhiily, 
md IS also fixed perpendicularly, as in the key groove or slotting 
engines and the paring engines, the general form of the tool/, 
01 th it of a strong paring chisel, is retained, but the blade is 
slightly inclined in its length as at j, fig 426 to avoid touching 
the suiface to be wrought except with its cutting edge, and the 
length of the tool supplies a little elasticity to relieve the fiiction 
of the back stroke 

Although all the vaiious forms of hand turning tools are more 
or less emplo’^ ed as fixed tools, still the gieatei part of the work 
IS done with the point tool (such as g in the yhxrx fig 426 ) the 
angle of which should be slightly rounded , but foi woikmg 
into an angle, the point of the tool is thiown oft as at /i, so that 
Its shaft may a\oicl either side of the angle, ind it is then called 
a side tool Foi mteinal woiks, and in small apeiturcs espe 
cially, the abrupt curvature reqiiiios paiticular attention to the 
cential position of the tool ^, and a frequent saciifice of the 
most pi 01 er form of the chamfer or edge I will now describe 
a few of the slide rest tools m the previous order, namely, those 
for soft wood for hard wood, for brass, and for iron 

1 he fixed tools for soft wood lequire the same acute edges, and 
nearly tangential positions, as those used by hand, and if these 
conditions exist, it is quite immaterial whether the tool touch 


Figs 4‘>7 428 



the work above or below the centre, but ihe central hue, or a, 
fig 425, IS the most usual Ihe soft wood gouge, or hook tool, is 
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successfully imitated by making an oblique hole in the end of a 
bar of steel, as seen in two views in fig 427 but it is not very 
lasting or a bar of steel maj be bent to the foiin of fig 428, 
and sharpened mteinally either rounded to serve as a gouge 
or straight and inclined as a chisel, but neither of these tools 
admits m itself of adjustment for center 

Ihe difficulty of center is combited by the use of a tool 
exactly like a common gouge or chisel, but only an inch or two 
long, and with a cylindrical stemalso an inch oi two long by which 
it may be letained atany height iii the end of a bar of iron having 
a nearly perpendiculai hole and an appropriate side screw for 
fixing the tool , this construction is abundantly strong for wood 
The fixed tools for hmdwood andivonj, followtheseveralforms 
of the hand tools figs 382 to 405 pp 518 10, except in having 
parallel stems, they aie always placed horizontally and are 
treated in all respects just as before Care should be taken how 
ever, that the end of the tool is its widest part , in order that, if 
it be sent in below the surface of the work, as in cutting a 
groove, it may clear well, and not lub against the sides 

In sharpening the tools intended for hard wood and ivory, 
the oil stone should be applied principally at the end or on the 
chamfer of the tool, as this will not reduce the height of center, 
which it IS always important to retain If, however, the tools 
should eventually become chamfered off, after the manner of 
fig 406, p 519, they maj be annealed, and thrown up to pla^e 
the chamfered pait in the line of the general face , they are then 
ic-haidened, and ground up as at fiist But as most of the 
slide rests for wood turning aie fitted into pedestals by means 
of a cyliudricrl stem with a vertical screw adjustment the tools 
may be at aU times accurately centeied when particular caie is 
required , and this provision is of still greater importance with 
the several levolving cutters applied to the slide rest, which will 
be hereafter adverted to 

The fixed tools foo hi ass andfot %i on whether used in the lathe 
or the planing maehiiie, will be considered in one group, the 
principal difference is, that the tools for brass present an angle 
of nearly 90 degrees, the tools for iron an angle of 00, to the 
supeifieies to be wrought Indeed the angles or edges of the 
cube, may be considered as the generic forms of the tools for 
brass, and the angles or edges of the tetrahedron, as the generre 
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forms of the tools for iron , that is, supposing the edges or 
planes of these solids to be laid almost m contact with the line 
of motion or of the cut, in oidei that they may fulfil the constant 
conditions of the paring tools, desciibed at page 463, and again 
refeired to at pages 473 to 474 

The fixed tools for brass and similaralloys lesemble, asm hand 
turning the more simple of the haid wood tools, except that they 
are sharpened a trifle thicker on the edge , they are however, 
neaily restricted to the point tool the narrow round tool and 
to the side tool, which is^epresented aty, fig 436 It is giound 
so that the two cutting edges meet at an angle not exceeding 
about 80 degrees, that m proceeding into rectangular corners 
it may clear each face bj about five degiees and it will then cut 
in either diiection, so as to proceed into the angle upon the 
cylmdiical line, and to leave it upon the plane surface, oi it may 
be applied just m the reverse manner without intermission 
When the tool is used for rough woik the corner is slightly 
lounded, but in finishing it is usually quite sharp , and as it 
differs only some ten degiees from the solid angle of a cube, it 
is abundantly strong If the tools acted upon a consideiable 
extent or width of the brass, they would be liable to be set in 
vibration , but as the paths of the cutters are deter mined by the 
guide principle employed the point fulfils all that can be desired 
The fixed tools for %son present more difficulties than the 
generality of the foregoing kinds first, the edges of the tools aie 
thinner, and more interfered with in the act of grinding as the 
vertical height of the cutting edge is reduced when citliei face 
of the wedge is giound and secondly they are exposed to far 
more severe stiains from the greater hauliiess of the mateiial, 
and the less sparing manner iii which it is reduced or wrought, 
owing to its smaller puce and other circumstances , and theie 
foie, the most proper and economic forms of the tools for iron 
are highly deserving of attention 

Ihefiaeture of a tool when it is overloaded, commonly points 
out the line of greatest resist nice oi strain I he tool fig 43'), 
on next page although apparently keen is very weak, and it is 
besides disposed to pursue the lino at which its wedge foimed 
extremity meets the work, or to penetrate at an angle of some 
30 degiees (see page 463) Figure 439, would probably break 
through a line drawn nearly parallel with the face a b, of the 
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wolk imdei formation that portion should therefore be made 
veiy neaily paiallel with a h the line of resistance in order 
to impart to the tool the strength of the entiie section of the 
steel so that should it now break, it would have a much longer 
line of fiacture The tool thus altered is very proper for brass, 
an alloy upon which acute tools cannot be favourably employed 


Figs 429 430 431 432 433 



But With the obtuse edge of fig 430 other metals will be 
only removed with consideiable labour as it must be remembered 
the tool is a wedge and must insinuate itself as such amongst 
the fibres of the mateiial lo give the strengthened tool the 
piopei dcgiee of penetiation the upper face is next sloped as 
in 4 U, to that angle in which the minimum of fiiction and the 
maximum of durability of the edge most neaily meet and 
which for iron is shown to be about 60 degrees as in the trian 
gular tool fig 409 ihe thiee planes of pointed tools for iron, 
meeting at 60 degrees, constitute the angle of the tetiahedron, 
or the solid with four equilateial planes like a tnangulai pyia 
mid the base and sides of which aie exactly alike 

But the form of 431 would be soon lost in the act of grinding , 
therefoie to conclude, the tool is made in the bent foim of 
fig 432, m which the angles of 431 aie retained, and the tool 
may be many times giound without depaitmg from its most 
proper form This is in effect extending the angle of the tetia 
hcdion into the tiiangulai prism giound off obliquely, or lathei, 
as seen in the front view fig 433 into a piisin of five sides, the 
front angle of winch vines fiom 60 degrees to 120 degrees, and 
IS slightly rounded the latter being most suitable for lough 
woik, sometimes the fiont of the piism is half lound, at other 
times quite flat, these foims are shown in fig 439 

The extremities of figs 431 and 432 appioach veiy closely to 
the form of the giaver used for engiavmg on steel and copper 
plates, than which no instrument woiks more perfectly Ihe 
slcudei gravel, whether square or lozenge, is slightly bent, and 
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lias a flattened handle so that the iidge behind the point may 
lie so nearly parallel with and so comnletely buried iii the line 
or groove under formation, as to be prevented or checked, by 
the surface contact, fiom digging into the work Ihis is another 
confirmation of the fact that the line of penetrition is that of 
the lower face of the cutter or wedge oi that touching the woik 
In adopting the crank formed tools 432 the principle must 
not be carried into excess, as it must be remembered, we can 
never expunge elasticity fiom oui materials whether viewed m 
relation to the machine the tool or the woik 

The tool should be always grasped as near the end as piac 
ticable therefore the hook or crank should occupy but little 
length as the distance from the supposed line of the fixing 
screw c to the edge of the tool, being doubled, the flexuie of the 
instiument will be fourfold when trebled ninefold, in fact as 
the square And also as the flexure may be supposed to occur 
from neaily the center of the bai (that is neglecting the crook ) 
the point of the tool should not extend beyond the central line 
0 otherwise when the tool bends its point would dig still 
deeper into the woik from its rotation on the intei section ot c 
and 0 the point situated behind the cential line would spiing 
away from or out of instead of into the woik lo extend the 
wear of the cranl ed tools they are commonly forged so that the 
point IS neaily level with the upper suiface of the shaft as in 
fig 438 , they then admit of being many times ground before 
they leach the central line, and they are ultimately ground, 
(always at the end of the prism and obliquely ) until the hook 




IS entirely lost This avoids such frequent recuircnce to the 
forge fire, but it is a departure fiom the light pimciple to allow 
the point to extend beyond the centei line o — See Appendix, 
Note A Q, page 983 

The works of the lathe and planing machine fiequently present 
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anoles or relates, chamfers grooves, and imder cut lines, 
^vlSeh require that the tool should he bent about in vaiious 
ways, in oidei that their edges may retain as neaily as possible 
the same relations to all these suifac es as the oidinaiy surfacing 
tools figs 431 and 432 have to the plane a b Tor instance the 
shaft of the tool 431, when bent at about the angle of 4 degrees, 
becomes a side cutting ana f icing tool, as shown in p in in fig 
434 in elevation in 4 35 and m perspective m 430 and in like 
manner the cranked tool 432 when also bent as in 4 3 4 becomes 
437 and IS also adapted to woiking into angular corneis upon 

^'*Mr' Natinyth s tool gage, shown in elevation in 438, and m 

plan in 439, entirely removes the uncertain^ of the ang es given 
^ to these iircgular bent 

I tools for instance, when 

a the shaft of the tool is 
laid upon the flat suiface 
and applied to the non 
cone 0 , whose side mea 
suies about 3° with the 
peipendicular, it selves 
^ with equal tiuthfoi s the 
tool foi sui faces , p f, the 
* side cutting tools, used 
also foi peipendicular 
ents and filkts and to 
for uiukicut woiks 
In applying tools to lathe works of small diamctois, it is 
necessary to be very exact and not to phice them cihovQ the 
center, or they immediately lub, and as this soon occiiis with 
toolshaving so small an angle it appeals desiiablc to make the 
cone gage for small lathe woiks of about twice the given angle, 
and to mark upon the cone a circle exactly indicative of the 
height of center , the tool can be then packc d up to the ( cut( r ^ 
line, with one or two slips of sheet non, to be aftcivvaids placed 
beneath the tool when it is fixed in the lathe rest In small 
hollow works, the most lasting of the cruikfoimod tools, 
are entirely inapplicable indeed so much attention is icquiied 
to prevent the tool from rubbing against the intenoi sur 
faces, that the ordinary ingles cannot be employed, and the 
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:one gage ceases to be useful but in every other case it should 
be constantly resorted to the additional thickness a is requned 
bo make it applicable to the crank formed tools ^ 

Fig 440, represents a cutter introduced m the Block Ma 
:hinery at Portsmouth to lessen the difficulty of making and 
restoiing the tools, for turning the wrought non pins for the 
bheaves, it consists of acylindiicalwnewhich fiom being ground 
off obliquely, presents an elliptical edge the tool is fixed in a 
stock of non, terminating in an oblique hole, with a binding 
screw The tool, when used for iron^ in the pm turning 
lathes, was made solid, when used for turning the surfaces of 
the wooden shells, in the shaping engine it was pierced with 
a central hole, the latter could only facilitate the process of 
shaipemng without alteiingthe chaiacter of the edge, which 
continued under the same circumstances as when solid 



About sixteen years back, the author made for his own use, a 
tool such as fig 440, but found that with rough usage the cutter 
was shiveied away, on account of its bieadth, and he \\as soon 
led to substitute for the solid cylinder, a tiiangular cutter, the 
final edge of which was slightly rounded, and placed more nearly 
perpendiculai, m a split socket with a side screw, as in fig 441 
The strength of the edge was greatly increased, and it became, 
in fact an exact copy of the most favourable kind of tool for 

the lathe, or planing machine, retaining the advantage that the 
► — . — — . 

* The general smulitude between some of the authors figures 429 to 439 
(engraved in Jan 1810) and paifc of those in Mr James Nasmyths article on 
look, in Buchanans Mill Woik (published in Dec 1841) is solely due to their 
being each mdtbiod to the same individual (namely to Mr Joseph Clement), for 
the general theory advinccd and which associitcs the pimciples of machine tools 
for metal that aie of comparatively modem date, with those of cutting tools 
geneially, even of the most primitive kinds 
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original form could be alwajs kept, with the smallest expendi 
tme of time, and without continually le forging the blade to 
the manifest deterioration of the steel fi om passing so fiequently 
thiough the fire it being only requisite to grind its extiemity 
like a common graver, and to phee it so much higher in the 
stock as to keep the edge at all times true to the center 

A light and a left hand side tool for angles the foimer seen 
in figs 44a and 443, were also made the blade and set screw 
were placed it about 45°, and at a sufficient vertical angle, to 
clear both the inside of i cylinder of three niches diameter, and 
also to face the bottom or surf me 1 hese side tools mswei t d 
veiy well for cast non but fig 441, the ouhnaiy suifacing tool 
is excellent for all pui poses and has been employed m many 
extensile establishments* 

In turning heavy woiks to then respective forms a slow 
motion and strong pointed tools are employed but lu finishing 
these works with a quicker late of motion theie is nsk of putting 
the lathe m a slight tiemor, moie p uticuhul> horn the small 
peiiodic shocks of the toothed wheels which in light finishing 
cuts are no longer kept in close bcaiing as m stionger cuts 

Under these circumstances, were the tools iigul and penetra 
tive, each vibiation would produce a line or sciatch upon the 
surface hui the finishing or hanging tools figs 441 and 445, 
called also springing tools which aic made of vaiious cuives and 
degrees of strength, yield to these small accidental motions 
ihe first resembles in its angles tlie lest of the tools used foi 
biass the second those for non, tlicu edges aie rcetihnciu, md 


Tke prismatic cutters admit of tbe usu il vai i itiuna of Hhapo soniotunes two 
binding screws are used and occasionally a tail screw to receive tlie direct Hit am of 
tbe cut When the blades are only used for cutting iii the one dii ection Bay from 
right to left they may with advantage bo ground with a double mclinabion for 
as all these pointed tools work Jataalhi the tiuo loclmaticm of some 60 to the 
nauow facet oi fillet operated upon is then inoie stuctly ittamcd 

Considerable economy lesults from this and hovcial otha applications in which 
the cutter md its shaft are two distinct paits llie small blades ( t steol admit o# 
being formed with considerable case and accuiicy iiul of being, haidcnid m the 
most perfect manner And when the cuttcis iit fixed in sbiong bais oi sbaftH of 
iron they receive any required de^iee of siiougth and the ono shift or caiiiage 
■will serve for any successive number of bl idt s 

The blades are sometimes made flat oi convex in tlu fxont and giouncl much 
thinner to seive foi softwood the tools for haid wood ind i\oiy being moio 
easily ground do not call for this application of detached blades 
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sometimes an inch wide The width and elasticity of these 
finishing tools prevent them acting othei wise than is scrapeis, 
foi removing the slight supei facial roughness, without dcti acting 
fiom the accuiacy of foiin previously given In a somewhat 
similai manner the bioad hand flat tool rendered elastic by its 
paitiil suppoit as m fig 410 page 521 is frequently used for 
smoothing hriss works, and otheis turned with the slide icst 

416 447 418 4(9 




Figs 446 and 447 lepicsent a very excehent finishing tool 
introduced by Mi Clement foi x^laning cast and wrought non, 
and steel, it lesembles the cianked tools geneially, but is 
slighter it IS made smooth and fiat upon the extremity or lathci 
in a very minute degree lounded This tool is shupened vciy 
keenly upon the oilstone, and is used for extremely thin cuts, 
geneially one qu liter of an inch wide, and when the corncis jubt 
escajie touching, the woik is left beautifully smooth , the edge 
should on no account stand in advance of the center line But 
to avoid the chattels so liable to occur m brass works, Mr Cle 
ment prefers foi that material the elastic planing tool, figs 448 
and 449 its edge is situated considerably behind the center 
In concluding the notice of the turning tools, it maybe neces 
saiy to add a few words on those used for lead, tin, zme, copper, 
and then ordinary alloys Ihe softest of these metals, such as 
]cad, tin and soft pewtei may be turned with the oidmaiy 
tools for soft wood, but for the harder metals, such as zinc, and 
haid allo}S containing much antimony the tools lesemble those 
used for the haid woods, and they are mostly employed dry 
Coppei, which is much haider and toughei, is tvuned with 
tools similai to those foi wioughtnon, hut in gencial they aic 
sluupened a little moii keenly and watei is allowed to diop 
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upon the work to lessen the risk of draggtng or tearing up the 
face of the copper, a metal that neither admits of being turned 
or filed with the ordinary facility of most others Silver and 
gold, having the tenacious character of copper, require similai 
turning tools, and they aie generally lubiicated with milk 
In the above andnearh all the metals except non and those of 
equal or supeiioi hardness, there seems a disposition to adhere, 
when by accident the recently removed shaving gets forcibly 
pressed against a recently exposed surface, (the metals at the time 
hemg chemically clean, see page 433 Vol I ) this disposition 
to unite IS nearly prevented when water or other fluid is used 
Water is occasionally resorted to in turning wrought non and 
steel , this causes the work to be left somewhat smoother, but 
it IS not generally used, except in heavy vvoik, as it is apt to lust 
the machinery oil fulfils the same end, but is too expensive foi 
general purposes — See Appendix, Note AR , page 983 

Cast iron having a crystalline structure, the shavings soon 
break, without causing so much fiiction as the hard ductile 
metals cast iron is therefore always worked dry, even when the 
acute edges of faO degrees are thickened to those of 80 oi 90, 
either from necessity, as in some of the small boiing tools, oi 
from choice on the score of durability, as in the largest boiing 
tools and others Brass and gun metal are also woikod dry 
although the turning tools are neaily rectangular, as the copper 
becomes so far modified by the zinc, or tin, that the alloys, 
although much less crystalline thancastiron, and less ductile than 
copper, yield to the turning tools very cleanly without watei 
But when tools with rectangular edges are used for wi ought 
iron and steel, on account of the grcatei cohesion of these 
materials, they must be lubricated with oil, grease, soap and 
water, or other matter, to prevent the metals fioin being torn 
And the screw cutting tools many of which present much suiface 
friction and also rectangular oi still inoie obtuse edges, almost 
invariably require oil oi other unctuous fluids, for all the metals 
It will be shown in the piactice of metal turning, that tlio 
diamond point, figs 64 and 65, page 178 Vol I , is occasionally 
used in turning hardened steel and othei substances, figs 73 to 
74 are constantly used in engraving by machinery, and lu gi a 
duatmg mathematical instruments — See Appendix, Notes AS 
to AV pages 988 to 1001 
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SECT I — BORINO BITS FOB WOOD 

Ihe piocess of boring holes may be viewed as an inversion of 
that of turning generally the work remains at rest, and the tool 
IS revolved and advanced Many of the boiing and drilling tools 
have angular points, which serve alike for the removal of the 
material, and the guidance of the instrument , others have blunt 
guides of various kinds for diiecting them, whilst the cutting 
IS peifoimed by the end of the tool 

Commencing as usual with the tools for wood the brad awl 
hg 4 '50 may be noticed as the most simple of its kind , it is a 
cylmdiicil wne with a chisel edge, which lather displices than 
removes the mateiial , it is sometimes shaipened with thiee 
facets as a tnmgular piism ihe awl, fig 451, used by the 
wire woikeis, is less disposed to split the wood , it is squaie and 
sharp on all four edges, and tapeis off very gradually until near 
the point, where the sides meet lather moie abruptly 

Ihe genoiality of the boring instruments used in carpentry 
aie fluted, like leeds split in two parts, to give room for the 
shavings and they are sharpened m various ways as shown by 
figuies 45S to 456 Fig 462 is known as the shell, and also as 
the goKge hit, or quill hit, it is sharpened at the end like a gouge, 
and when revolved it shears the fibres aiound the maigin of the 
hole, and removes the wood almost as a solid core The shell 
bits aie in veiy geneial use, and when made very small, they 
aie used for boiing the holes m some blushes 

Fig 453, the spoon hit, is generally bent up at the end to 
make a taper point, terminating on the diametrical line, it acts 
something aftei the manner of a common point dull, except 
that it possesses a keen edge suitable for wood The spoon bit 
IS in very common use the cooper s dowel hit, and the table hit, 
foi making the holes for the wooden joints of tables, aie of this 

N R 2 
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kind, occasionally the end is hent m a semicircular foim, 
such aie called cinch nose hitb fiom the resemblance and also 
brush bits from their use the diameter of the hole continues 
undimmishedfoi agreater depth than with the pointed spoon hit 


Figs 450 451 452 453 454 455 456 



The nose bit, fig 454, called also the sht nose bit, and aiicfC) bit, 
IS slit up a small distance near the center, and the laigei piece 
of the end is then bent up nearly at right angles to the shaft 
so as to act like a paring chisel , and the coiner of the reed, neai 
the nose also cuts slightly The form of the nose bit which is 
very neaily a diminutive of the shell auger, fig 155, is better 
seen m the latter instrument, m which the transverse cuttei lies 
still more nearly at light angles, and is distinctly cuivcd on the 
edge instead of radial The augers ne sometimes made thieo 
inches diameter, and upwards, and with long removable shanks, 
foi the purpose of boring wooden pump barrels, they are then 
called pump bits 

Theie is some little uncertunty of the nose bits entering 
exactly at any leq^uired spot, unless a small commencement is 
previously made with another instrument as a spoon bit a gouge, 
a biad awl, a center punch or some othei tool, with augers 
a prepuatory hole is invariably made, either with a gouge^ 
or with a center bit exactly of the size of the auger When 
the nose bits aie used for making the holes in sash baib for 
the wooden pins or dowels, the bit is made exactly parallel 
and it has a 8q[uaie brass socket which fits the bit , so that the 
work and socket being fixed in their respective situations, the 
guide pnnciple is perfectly applied A guide tube built up 
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as a tiipod which the workman steadies with his foot, has been 
recently applied by Mi Chailes Miy of Ipswich for boimg the 
angei holes m railway sleepers exactly perpendicular* 

The gimlet fig 456 is also a fluted tool, but it terminates m a 
sharp woim or screw, beginning as a point and extending to the 
full diameter of the tool, which is drawn by the screw into the 
wood The principal part of the cutting is done by the angular 
corner intermediate between the woim and shell which acts 
much like the auger, the gimlet is worked until the shell is full 
of wood when it is unwound and withdrawn to empty it 

The center bit, fig 467, shown in three Tiews, is a very 
beautiful instrument, it consists of three parts, a center point or 
jiMz, filed triangularly, which seives as a guide for position, athm 
shearing point or mcke?^ that cuts through the fibres like the 
point of a knife, and a broad chisel edge or cutter, placed 
obliquely to pare up the wood within the circle marked out by 
the point The cutter should have both a little less radius and 
less length than the nicker upon the keen edge of which last 
the correct action of the tool principally depends 

Many sanations aie made from the ordinary center bit, fig 
457 , sometimes the center point is enlarged into a stout cylin 
ducal plug, so that it may ex ^ 
actly fill a hole previously made, ° 
and cut out a cylindric al coun 
teisink around the same, as for 
the head of a sciew bolt This 
tool, known as the plug center 
hit, is much used in making 
flames and furniture, held toge 
lather by screw bolts Similar 
tools but with loose cutters 
inserted in a diametrical mor 
tise in a stout shaft, aic also used in ship building for inla} ing 
the heads of bolts and washers, in the timbers and planking 
The nine coopeo s cente'i bit is veiy short, and is enlaiged 
behind into a cone, so that immediately a full cask has been 
boiecl the cone plugs up the hole until the tap is inserted Xhe 
centei bit ckpiivcd of its chisel edge, oi possebsing only the pin 
and luckei, is c died a button tool it is used for hoiing and 
boe MmutoB of Convcibation, Iiibt Civil 1 ii^mcas 18 P p %0 76 
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cutting out at one piocess the little leather disks or buttons, 
which serve as nuts for the screwed wires in the mechanism 
connected with the keys of the organ and piano forte 

The expanding center bit, shown on a much smaller scale in 
fig 460 IS a very useful instrument it has a central stem with a 
conical point, and across the end of the stem is fitted a tiansverse 
bar adjustable for radius Wheie the latter cariies only a lancet 
shaped cutter it is used for making the maigins of ciicular 
lecesses and also for cutting out discs of wood and thin materials 
generally, when, as in Mr James Stones modification the 
expanding center bit has two shearing points or nickers, and one 
chisel formed cuttei, it serves foi making 
Fig 460 grooves for inlaying iings of metal or wood 
in cabinet work, and other purposes ^ — See 
Appendix note AW , p 1001 

The above tools being geneially used for 
woods of the softei kinds, and the plankway 
of the grain the shearing point and oblique chisel of the centei 
bit, fig 457, aie constantly retained but the corresponding tools 
usedfoi thehaid woods assume the chaiacters of the haid wood 
tools geneially For instance a fig 458 has a square point, 
also two cutting edges, which are nearly diametrical, and 
sharpened with a single chamfer at about sixty degrees, this is the 
ordinary drill used for boring the fingei holes in flutes and 
claiionets which are afterwards chamfered on the innei side 
with a stout knife the edge of which measuies about 50 
degrees The key holes, are first scoied with the cup hey tool, h, 
and then dulled, the tools a, and b, being lepresented of cones 
ponding sizes, and forming between them the annulai ridge 
which indents the leather of the valve or ke} % 

Whence, fig 458, is made exactly parallel and shaipenedup 
the sides it cuts hard mahogany very cleanly m all diicctionsof 
the gram, and is used for drilling the vaiious holes m the small 
machinery of piano fortes , this dull (and also the last two), is 
put in motion in the lithe and in fig 459, the lathe dull for 
hard woods, called by the Fiench langue de caipe, the center 
point and the two sides melt into an easy cmve, which is 
sharpened all the way round and a little beyond itslaigestpait 
Vaiious tools foi boiing wood hive bein made with spnal 
See Tians Soo of Aits, vol xxxi p 250 
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stems in oidei that the shavings may he enabled to ascend the 
hollow worm, and thereby save the trouble of so frequently with 
diawmg the bit For example, the shaft of fig 461, the single 
lijg auger is forged as a half round bar, nearly as in the section 
above , it is then coiled into an open spii al with the flat side 
outwaids, to constitute the cylin ducal suiface, and the end is 
formed almost the same as that of the shell auger, fig 455 
Ihe twisted gimlet fig 462, is made with a conical shaft, around 
which is filed a half round groove the one edge of which becomes 
thereby sharpened, so as gradually to enlarge the hole after the 
first penetration of the worm, which, from being smaller than 
in the common gimlet, acts with less risk of splitting 

Fi^s 461 462 463 464 465 466 467 468 



Ihe ordinary screw auger, fig 463, is forged as a parallel 
blade of steel, (seen in the section, fig 464, which also refers 
to 463 and 465,) it is twisted red hot, the end terminates in 
a worm by which the auger is gradually drawn into the work, 
as in the gimlet, and the two angles oi lips are sharpened to cut 
at the extreme ends, and a little up the sides also 

The same kind of shaft is sometimes made as mfig 464, with 
a plain conical point, with two scoring cutters and two chisel 
edges, which receive their obliquity from the slope of the worm 
^t foims as it were a double center bit, with two lips grafted 
on a spiial shaft The same shaft has also been made, as in 
fig 4 05, with a common dull point and proposed foi metal 
but this seems scaicely called foi but it is in this foim very 
effective in Hunter s patent stone boring machine, intended foi 
stones not hardci than sandstones the drill is woiked by a 
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Cl OSS, guided by a tube and foiced in by a screw cut upon the 
shaft cairying the drill so that the stone is not giound to 
powder, but cast off in flahes with veiy little injui} to the drill 

Another sciew angei which is peihaps the most general after 
the double lipped sciew auger, fig 4G3, is Imown as the A 7 nerican 
sciew anger and is shown m fig 466 , this has a C3'lindiical 
shaft, aiound which is biazed a single fin or rib , the end is filed 
into a worm as usual, and immediately behind the woim a small 
diametiical mortise is formed foi the reception of a detached 
cutter, which exactly resembles the niclang point and chisel 
edge of the center bit , it may be called a center bit for deep 
holes The paits are shown detached m fig 467 The loose 
cuttei IS kept cential by its square notch, embracing the cential 
shaft of the auger it is fixed by a wedge diiven in behind and 
the chisel edge lests against the spiral woim Spate cuttei s axe 
added in case of accident and should the sciew be broken oli, 
a ne'w sciew and moitise may be made by depriving the instru 
ment of so much of its length The instiument will be found 
on tiial extiemely effective , and on account of the great space 
allowed for the shavings, they aie deliveied perfectly, until the 
woim IS buried a small distance beneath the surface of the hole 

The Am ei leans have also invented an auger, said to be 
thoioughly applicable to pioducing square holes, and those of 
other forms the tool consists of a steel tube, of the width of 
the hole, the end of the tube is shaipened fiom within, with the 
cornel s in advance or with foui hollowed edges In the ccntci 
of the square tube woiks a screw augei, the tint ad of winch 
projects a little beyond the end of the tube, so as first to pciie 
tiate the wood, and then to diag aftei it the sheath, and thus 
complete the hole at one process the removed shavings making 
their escape up the worm and through the tube 1 oi boiing 
long mortises, two or more square augei s aie to be placed side 
by side, but they must necessaiily he woiked one at a time * 

Fig 468 the list of this gioup of spiial dulls, is used m 

* This IS described in Gill s rc,ehmca,l repository vol xi pigt 317 The 'lutlioi 
has never seen one it seems tar too complex m instrument for general purpost h 
and its success appears to be oveiiated The tools figs 461 to 466, are also 
ascribed to America whether truly or not it is iinpossiblo to say I ig 461 i« in 
partial use The twisted gimlet is a good tool hut as it is somewhat more cxptm 
sive than the common kind it is less used These seveial instiuments are pioba 
bly denved from the common sciew anger fig 463 win oh is, I believe I nglinh 
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Geimany and two of the instinmentb were hi ought from that 
countiy and deposited m the Museum of the Society of Aits by 
Ml Bi}aii Donkin^ The tool acts as a hollow tapei bit or 
inner, and the screw form point and shaft, assist in drawing it 
into the wood but the mstiument must pass entiiely thiough 
foi making cylmdiical holes 1* * * § 

The most usual of the modes of giving motion to the various 
kinds of boring bits is by the oidmaiy caipenter s brace with 
a crank foimed shaft The instrument is made in wood or 
metal and at the one extiemit} has a metal socket called the 
'patl with a tapei squaie hole, and a spiing catch used for letain 
mg the drills in the brace when they aie with di awn fiom the 
woik and at the other, it has a swivelled head oi shield which 
is pressed forwaid hoiizontally by the chest of the woikman, 
or when used vertically, by the left hand, which is then com 
monly placed against the forehead I 

The oidmaiy carpenters hiace is too fimiliaily known to 
rcquiie fuither description but it sometimes happens, that in 
coineis and other places tlieie 
IS not room to swing round the 
hmAlef the angle trace fig 469, 

IS then convenient It is made 
entirely of metal, with a pair of 
hevil pinions and a winch lian 
die that is placed on the axis 
of one of these, at vaiious distances fiom the centei, accoiding 
to the power or velocity requiied Sometimes the bevil wheel 
attached to the winch handle is thice orfoui times the diameter 
of the pillion on the drill, tins gives greater speed but less 
powei § 

The augers, which fiom their inci eased si/e requiie more 
powci, aie moved by transverse handles, some augeis are made 
with shanks, and are nvetted into the handles just like the 



* See Plans vol xliv p 75 

f ihe coopei s bit is sometimes made with a gimlet worm a somi ccnicil shell 
and a conic il plug to stop the hole until the tap is inserted 

•] Pho caipenter s biace is sometimes fi\od vertically with the powoi of revolv 
ing and of being depiossed by a level in some respects like the smith s pi css drill, 
fig 491, page 558 bee ilso Manuel du Touineur 1816 XditeDv. vol ii 

§ lig 469 IS 1 educed from Plate IX of the Manuel d\i Tourneur 
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gimlet occasionally the handle has a socket or pad for receiv 
ing several augeis but the most common mode, is to form the 
end of the shaft mto a ring oi eye, through which the transverse 
handle is tightly diiven The brad awls, and occasionally the 
othei tools requiring but slight foice aie fitted in stiaight 
handles, many of the smaller tools are attached to the lathe 
maiidiel by means of chucks and the work is pressed against 
them either by the hand or by a screw, a shde or other con 
trivance , figs 458 and 459, are always thus applied 

SECT II — DRILLS POE METAL, USED BY HAND 

The frequent necessity in metal works for the operation of 
drilling holes, which are required of all sizes and various degrees 
of accuracy, has led to so very great a variety of modes of per 
forimng the process, that it is difficult to arrange with much 
order the more important of these methods and apparatus 

It IS, however intended to proceed from the small to the 
large examples in the present section some of the general 
forms of the dulls for metal will be first noticed , in the next 
section will be traced the modes of applying hand power to 
dulls, commencing with the delicate manipulation of the 
watchmaker, proceeding gradually to those requiring the different 
kinds of braces and ending with the various apparatus for driv 
mg large dulls by hand power In the fourth section the 
machine processes will be adverted to commencing with the 
ordinary lathe and ending with the boring apparatus for the 
largest cyliiiderb the concluding section of this chapter will be 
devoted to the various driUs, cutters, and broaches lequired for 
making conical oi taper holes 

The ordinary piercing drills foi metal do not present quite so 
much variety as the wood drills recently described the drills 
for metal are mostly pointed, they consequently make conical 
holes, which cause the point of the drill to pursue the original 
hue and eventually to produce the cyliii ducal hole lire com 
paiative feebleness of the diill-bow limits the size of the dulls 
employed with it to about one quaitei of an inch in diainetci 
but as some of the tools used with the bow, agree in kind with 
those of much larger dimensions it will be convenient to con 
sidci as one group the forms of the edges of those dulls, which 
cut when moved in either direction 
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Figs 470, 471 and 472, represent, of their laigest sizes the 
usual forms of dulls piopei for the leciprocatmg motion of the 
dull bow because their cutting edges being situated on the line 



of the axis and chamfered on each side, they cut, or rather 
scrape, with equal facility in both directions of motion 

Fig 470 IS the ordinary double cutting dull, the two facets 
forming each edge meet at an angle of about 50 to 70 degrees, 
and the two edges forming the point meet at about 80 to 100 , 
but the watchmakers who constxntly employ this kind of dull, 
sometimes make the end as obtuse as an angle of about 120 
degiees the point does not then protiude through their thin 
works, long before the completion of their woik Fig 471, with 
two circular chamfers, bores cast iron more rapidly than any other 
reciprocating drill, but it requires an entry to be first made with 
a pointed dull , by some, this kind is also preferred for wrought 
ironandsteel Iheflat ended diill,fig 472, isusedfor flattening 
the bottoms of holes Fig 473 is a duplex expanding drill, 
used by the cutlers for inlaying the little escutcheons and plates 
of metal in knife handles the ends are diawn full size, and the 
explanation will be found at page 135 of the fiist volume 
Fig 474 IS also a double cutting drill , the cylindrical wire is 
filed to the diametrical line and the endis formed with two facets 
This tool has the advantage of retaining the same diameter when 
it IS sharpened it is sometimes called the Swiss dull and was 
employed by M Lc Eivi5re, for making the numerous small 
holes, in the delicate punching machmeiy for manutactuung 
perforated sheets of metal and pasteboard , these drills are some 
times made either semicircular or flat at the extremity, and 
as they aic commonly employed in the lathe, they will be 




548 


SINGLr CUTTING DEXIIS I OB MI lAL 


furtlier noticed in tlie fouitli section, under the title of half i ound 
lonng hits 

The square countersink fig 475 is also used with the dull 
how, it IS made cylindiical and pieiced for the leception of a 
small ccntril pm, aftei which it is sharpened to a chisel edge as 
shown 1 he countersink is in some measui e a diminutive ol the 
pin dulls, fig 483 to 485, page 550, and occasionally ciiculai 
collais are fitted on the pin foi its tcmpoiaiy culaigement oi 
aiound the larger pait to seive as a stop, and limit the depth to 
which the counter sink is allowed to penetrate, foi inlaying the 
heads of screws The pin is lemoied when the iiistiumcnt is 
sharpened 

By way of comparison with the double cutting dulls, the oidi 
nary founs of those which only cut in one diicctioii, aic shown in 
figs 470, 477, and 478 Iig 476 is the common single cutting 



dull, foi the dull bow, biace, and lathe , the point, as usual, ih 
nearly a rectangle but is formed by only two faicts, which 
meet the sides at about 80° to 85°, and tlicicloic lu \tiyiu uly 
111 contact with the exticinity of the hole opciaicd upon, thus 
stuctly agiccing with the form of the liuning tools foi InasH 
lig 477 lb a snnilai dull paituulaily suitable foi hoin toitoisc 
shell, and substances liable to agglufinate ancle log tli< dull, the 
chamfers are lathci inoie acute uid aic coiitmucd aiound the 
edge behind its largest dnnnctci so that il needful, the dull 
may also cut its way out of the hole 

lug 478, although iicvei used with the dull bow, noi of ho 
small a sme as m the wood cut, is adde d to show how < omplef c ly 
the dull piopei foi non, follows the chauutei of the tinning 
fools loi that metal, the flute oi hollow filed behind the celgi , 
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gives the hook formed acute edge required in this tool which is 
m othei lespccts like fig 476 the foim proper for the cutting 
edge IS shown moie distinctly in the diagram a fig 483 

Caie should always be taken to have a proportional degree of 
stiength in the shafts of the dulls otherwise they tremble and 
chatter when at work or they occasionally twist off in the 
neck , the point should be also giound exactly cential, so that 
both edges may cut As a guide for the proportional thickness 
of the point it miy measure at 6, fig 479, the base of the cone, 
about one fifth the diameter of the hole and at the point 
about one eighth, for easier penetration but the fluted dulls are 
made neaily of the same thickness at the point and base 
In all the dulls previously described except fig 474, the size 
of the point is lessened each time of sharpening, but to avoid 
this loss of size, a small part is often made parallel, as shown in 
fig 479 In fig 480, this mode is extended by making the drill 
with a C3linducal lump so as to fill the hole this is called the 
'ie centeriiig dmll It is used for commencing a small hole in a 
flat bottomed cylindiical cavity oi else in rotation with the 
common pieicing dull and the half round bit in dulling 
small and very deep holes in the lathe see sect iv p 567 
Fig 480 may be also considered to resemble the stop drill upon 
which a solid lump oi shoulder is formed or a collar is tempo 
rauly attached by a side screw for limiting the depth to which 
the tool can penetiate the woik 

Fig 481 the cone may beviewedas a multiplica 

tion of the common single cutting drill Sometimes, however, 
the tool IS filed with foui equi distant radial furrows, directly 
upon the axis, and with several intermediate parallel furrows 
sweeping at an angle round the cone This makes a more even 
distubiitionof the teeth, th in when all are ladial as in the figure, 
and it lb always used in the spherical cutteis, or countersinks, 
known as cherries, which are used in making bullet moulds 
On compaiibon, it may be said the single chamfeied dull fig 
47G, cuts more quickly than the double chamfeied fig 470 but 
that the foiniei is also moie disposed of the two to swerve oi 
'tunhoiiiiis intended position In using the double cutting drills, 
it IS also necessaiy to dull the holes at once to then lull sizes, as 
othei wise the thin edges of these tools stick abruptly into the 
metal, and aie liable to pioduce jagged or groovy surfaces, which 
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destroy the circnlaiity of the holes the necessity for dulling 
the entile hole at once joined to the feebleness of the dull bow 
limits the size of these dulls 

In using the single chamfered dulls, it is customary, and on 
seyeial accounts desirable to make large holes by a senes of two 
or moie drills first the lun of the drill is in a measure piopoi 
tioned to its diametei therefore the small tool departs less from 
its intended path, and a central hole once obtained it is followed 
with little after risk by the single cutting drill which is less 
penetrative This mode likewise throws out of action the less 
favouiable part of the drill near the point, and which in large 
drills is necessarily thick and obtuse , the subdivision of the 
work enables a comparatively small power to be used for drilling 
large holes and also presents the choice of the velocity best 
suited to each progiessive diameter operated upon But where 
sufficient powei can be obtained it is generally more judicious 
to enlaige the holes previously made with the pointed dulls, by 
some of the gioup of pm drills, figs 482 to 485, m which the 
guide principle is very perfectly employed they pi esent a close 
analogy to the plug center bit, and the expanding center bit, 
used in carpentry 

The ordinary pm drill, fig 482, is employed for making coun 
tersinks for the heads of screw bolts inlaid flush with the suiface, 
and also for enlarging holes commenced with pointed drills, by 



a cut parallel with the surface , the pin drill is also particularly 
suited to thin materials, as the point of the ordinary drill would 
soon pierce through, and leave the guidance less certain When 
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this tool IS used foi non, it is fluted as usual, and a, repiesents 
the form of one edge separately 

Fig 483 IS a pm dull principally used for cutting out laige 
holes in cast iron and other plates In this case the naiiow 
cutter removes a iing of metal, which is of course a less laborious 
piocess than cutting the whole into shivings When this dull 
IS applied from both sides, it may be used for plates half an inch 
and upwards m thickness as should not the tool penetiate the 
whole of the way through the piece may be broken out, and the 
rough edges cleaned with a file or a broach 

Fig 484 IS a tool commonly used for drilling the tiibe-plates 
for receiving the tubes of locomotive boilers the material is 
about I inch thick, and the holes 1| diameter The loose 
cutter a, is fitted in a transverse mortise, and secured by a 
wedge it admits of being several times ground, before the notch 
which guides the blade for centrality is obliterated Fig 485 is 
somewhat similar to the last two, but is principally intended for 
sinking grooves , and when the tool is figured as shown by the 
dotted line, it may be used for cutting bosses and mouldings on 
parts of work not otheiwise accessible 

Many ingenious contrivances have been made to ensuie the 
dimensions and angles of tools being exactly retained In this 
class may be placed Mr Roberts s pm drill figs 48 G and 487, 
in action it resembles the fluted pm drill, fig 48^, but the non 



stock IS much heavier, and is attached to the drilling machine by 
the square tang the stock has two grooves at an angle of about 
^10 degrees with the axis and rather deeper behind than m 
fiont Two steel cutteis or nearly parallel blades lepiesented 
black, aie laid in the grooves they aie fixed by the iiug and 
two set screws, s s, and aie advanced as they become worn 
away, by two adjusting screws, a a, (one only seen,) placed at the 
angle of 10° through the second iing, which, for the convenience 
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of construction is sciewed up the dull shaft just beyond the 
square tang wheieby it is attiched to the drilling machine 
The cutters are ground at the extreme ends but they also 
require an occasional touch on the oilstone to restore the keen 
ness of the outer angles which become somewhat rounded by the 
friction The diminution from the trifling exterior sharpening 
IS allowed for by the slightly taper foim of the blades 

The process of drilling generally gives rise to more friction 
than that of turning and the same methods of lubrication are 
used but rather more commonly and plentifully thus oil is used 
for the generality of metals, or from economy soap and water 
milk IS the most proper for copper, gold and silver , and cast 
iron and brass aie usually dulled without lubrication as desciibed 
at page 538 For all the above named metals, and for alloys of 
similar degrees of hardness, the common pointed steel drills are 
generally used but for lead and vei^ soft alloys, the carpenters 
spoon bits and nose bits are usu illy employed, with water For 
hardened steel and hard crystalline substances, copper or soft 
iron drills, such as fig 67 or 71, page 178 Yol I , supplied with 
emery powder and oil are needed , or the diamond drill points 
66 68 and 70 are used for haidened steel, with oil alone * 
Having considered the most generil forms of the cutting paits 

* The boring tools used for the mineral substances aie paitly adverted to in 
the ninth chapter of Vol I beginning with the hits used for the softest materials 
those foi holing through eaith sand and clay in order to obtain water are onlaigod 
copies of the shell nose and spiial bits used in carpentry attached to long voiiical 
rods which are screwed togethei like jointed gun rods and are woikod by a cross 
at the earths suiface The rods are drawn up by a windlass and joint after joint 
IS unscrewed until the bit with its contained earth is brought to the siufico 
Various attempts have been made to avoid the tedious necessifcy for laiaing tho 
1 ods by the employment of a hollow cylinder oi magazine resting on tho bit to 
receive the boiings and to be driwn up occasionally to be emptied 

In boiing laigc holes the earth is geuei illy excavated by tho process of mim 
%ng up The lods terminate m the mm7 which is a cylindncal non case 
sometimes two to thi ee feet diameter with a slightly conical bottom m which 
there is a slit much hi e the mouth of a inline iiid coveied with a lo ithoi hap to 
prevent the escape of tho earth that has been collected ^ 

In sinking the Aitesian wells lined with cast iron tubes atticliod end to end 
by internal flanges or screws a spring tool is used which oxpinds when it is 
thrust beneath the lower end of the scries of pipes feeo the account of sinl mg 
the Artesian well at Messrs Truman Hanhuiy and Co s Brewery Minutes of 
Conversation Inst of Civil Lng 1842 p 192 
The common pointed dull is used foi mineral substances not ovcoeding in hardness 
those enumeiated imdei the teims 12 3 of the lableof haidnoHS p 1)8, Vol 1 
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of dulls, we will i^roceed to explain the modes in winch they are 
put m action by hand power beginning with those for the 
smallest diameteis, and pioctcdmg gradually to the laigest 

SECT III ^METHODS OT WORKING DRILLS BY HAND POWER 

Hie smallest holes are those reqiiiied in watchwoik, and the 
general form of the drill is shown on a large scale m fig 488 , it 
is made of a piece of steel wire, which is tapeied off at the one 
end flattened with the hammer, and then filed up in the form 
shewn at large m fig 470, p 547 , lastly it is haidened in the 
candle The reverse end of the instiument is made into a conical 
point, and is also hardened , near this end is attached a little 
brass sheave for the line of the drill bow, which in watchmaking 
IS sometimes a fine horse hair, stretched by a piece of whalebone 
of about the size of a goose s quill stiipped of its feather 

Fig 488- 

The watchmakei holds most of his walks in the fingers, both 
for fear of crushing them with the table vice, and also that ho 
may the more sensibly feel his operations, drilling is likewise 
performed by him m the same manner Ila\ing passed the 
bow string aiound the pulley in a single loop (oi with a round 
tmn), the center of the dull is mseited m one of the small 
centei holes in the sides of the table vice, the point of the dull 
IS placed in the mark oi cavity made in the work by the center 
punch , the object is then pressed foiwaid with the light hand, 
whiLt the bow is moved with the left the Swiss woikmen apply 
the hands in the reverse order, as the} do in using the turn bench 



and winch include' some oi the marbles Glass may also be drilled with fig 470 
or 47l lubneated with turpentine ihe sandstones are reidily bored in Hunter s 
patent stone boiing machine (see p 543 also Conv Civ Rng 1842 p 146) and the 
^anites aiG not bored but crushed by the jumper or chisel point seo p 170 Vol 1 
Jboi the compact mun lals such as 4 5 6 of the table the grinding tools may 
be used with sand but emery is more effective this powder maj bo also employed 
for mmerils not exceeding the h irdncss of 7 lud 8 but omeiy being Bomewlut 
infeuor m hwdness to the luby this gem and the diimond mirkod 9 u\d 10 in 
the table require either diamoml dust oi splmteis of the diamond, the outside 
si m and natural angles of which ire much haider than the inside substance boo 
the ninth ohaptei ot Vol T generally especiilly pages 178 to 180 

O O 







DI^,XTT bow and bbeast plate 

Clockmakers itid artisans m works of 
■ obieet rn the tail 7 ice, and nse drills such as fig 488 but often 
larger and longer they aie pressed foiwaid by the chest whic i 
la Lfended fioin nijuiy by the breast plate name y a piece o 
lyood 01 metal about the size of the hand, m tlie of winch 

IS a plate of steel, with center holes for the drill The bieast 
plate IS sometimes strapped round the waist, but is moi e usual y 
supported with the left hand, the fingeis of which are ready 
toritch the drill should it accidentally slip out of the center 
As the dull gets larger, the bow is piopoitionably increased 
m stiffness, and eyentiially becomes the ^ 

about 1 inch in diameter at the larger end, ami 30 inches long, 
the catgut stnng is sometimes nearly an eighth of an inch in 
diameter or is replaced by a leather thong Ihe string is 
attached to the sinallei end of the bow by a loop “°tch 
much the same as in the archery bow, and is passe d tin oiigh a hole 
at the larger end and made fast with a knot the surplus Icngdh 
IS wound round the cane, and the coid fin illy passes through a 
notch Tt the end, which pi events it fioin uncoiling 

steel hows are also occasionally used , these ai e made some 
thing like a fencing foil, hut with a hook at the end foi the knot 
01 loop of the cord, and with a ftirulc oi a i atchet, aioiind wlm i 
the spare coid is wound Some Taiiations also aic made m the 
sheaves of the large drills, sometimes they arc cyliudiical with 
a fillet at each end, this is desiiahlc, as the coid neccssaiily 
lies on the sheave at an angle, m fact m the path of a y ew , 

It puisnes that patli, and with the rccipioc ition ot the dull bow, 
the cord traverses, or screws backwards and forwards upon ty 

sheavc,hutispreventedfiomsl.dingoflhytlu fillet Oecasionally 

indeed, the cylindrical sheave is cut with a scicw coaise ciiough 
to receive the cord, which may then make tlnet oi foui coils for 
increased purchase, and have its naliiial scic w like lun without 
any fretting whatever hut this is oiilj d( suable when tin holes 
are large, and the dull is almost constantly used, as it is te dioy 
to wind on the cord for each individual hole 1 he structure of 
the hows, breast plates, and pullers, although often varied, la 
sufficiently familiar to be iindeistood without figures bee 
Appendix, Note A Y, page 1002 

When the shaft of the dull is modci ate ly long, the workman 
can leadily observe if the dull is square with the woik as rcgaids 
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tlie lioiizontal plane and to remove the necessity for the obser 
vation of an assistant as to the vertical plane, a trifling weight 
IS sometimes suspended from the dull shaft by a metil iing oi 
hook, the joggling motion shifts the weight to the lower extre 
mity the tool is only horizontal when the weight remains central ^ 
In manj cases, the necessity for repeating the shaft and pulley 
of the drill is a\oided, by the employment of holders of various 
kinds oi drill stocks which serve to cany any requiied niimbei 
of drill points The most simple of the dull stocks is shown 
in fig 480 , it has the center and pulley of the ordinary dull, 


Figs 489 



but the opposite end is pieiced with a neaily cjlindiic \i hole 
just at the innei extiemity of which a diametucil notch is 
filed The dull is shown sepaiately at a, its shank is made 
cylindrical, oi exactly to fit the hole, and a shoit portion is 
nicked down also to the diametiical hm, so as to slide into the 
gap 111 the dull stock, by which the drill is pi evented fiom 
revolving the end serves also as an abutment whereby it may be 
tliiust out with a level Sometimes a diametrical tiansveise 
mortise, nairowei than the hole, is made thiough the dull stock 
and the dull is nicked on both sides and Mi Gill pioposes 
that the cylindrical hole of 480, should be continued to the 
bottom of the notch that the end of the dull should be filed off 
obliquelj' , and that it should be prevented from rotating, by a pm 
inseited through the cyhndiical hole parallel with the notch the 
taper end of the dull would then wedge fast beneath the pm I 

Dulls aie also frequently used m the dulling lathe, this is a 
mniiatuie lathe head, the frame of which is fixed m the table 
vice , the mandiel is pieiced foi the dulls, and has a pulley foi 

* JlluB li 'xnalogous to tbc level of the Indnn maaons and carpentois they 
fisquee/e a few diops ot w itcr on the uppoi suiface of the sti night edge which is 
made exactly pnrxllol and the escape of the fluid fioin cither end denotes that to 
be the lower of the two 

t bee Technical Repos 1S‘’2 vol n p 1 i9 also Roes s Cyclopedia 

0 o 2 
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the bow, therein resembling fig 490, except that it is used as 

The figure 49 0 just i eferi ed to, i epr esents one variety of another 
common foim of the dull stock, in winch, the revolving spindle is 
fitted in a handle, so that it maybe held in any position, without 
the necessity for the breast plate the handle is hollowed out to 
serve for containing the drills, and is fluted to assist the grasp^ 
Fig 491 represents the socket of an ‘ wmversal 3 a ill stock 
invented by Sir John Eobison , it is pierced with a hole as large 



as the largest of the wires of which the dulls are formed, and 
the hole terminates in an acute hollow cone The end of the 
dull stock IS tapped with two holes, placed on a diametei the 
one screw a is of a very fine thread, and has at the end two 
shallow diametrical notches , the other b, is of a coarser thread 
and quite flat at the extremity The wire drill is placed against 
the bottom of the hole and allowed to lean against the adjust 
mg screw a and if the dull be not central, this screw is moved 
one or several quarter turns until it is adjusted for centrality , 
after which the tool is stiongly fixed by the plain set screw b 
Fig 493 IS a drill stock, contrived bj Mr Willi im Allen it 
consists of a tube, the one end of which has a fixed center and 
pulley much the same as usual , the opposite end of the tube has 
a piece of steel fixed into it which is first dulled with a central 
hole, and then turned as a conical screw, to which is fitted g. 
corresponding screw nut n , the socket is then sawn down with 
two diametiical notches, to make four internal angles, and 
lastly, the socket is hardened When the four sections arc 
compressed by the nut their edges stick into the drill and retain 
it fast and provided the instrument is itself concentric, and the 
four parts aic of equal strength, the centrality of the dull is 
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at once ensured The outside of the nut and the squaie hole 
111 the key k ene each taper, foi moie leady application and 
the dulls aie of the most simple kind namely lengths of wiie 
pointed at each end, as m fig 493 ^ 

The sketch fig 492, is xlso intended to explain another 
useful application of this drill stock, as an upj ight or pimp dnll 
The lattei is provided with a cioss stiff fiom the ends of which, 
a string pioceeds through the eye at the top of the drill shaft, 
which carries a large bulb of metal to gu e it momentum The 
woikman first coils the string around the dull stock this causes 
the ascent of the transverse rod, fiom the shoitenmg of the 
string he then suddenly depiesses the stick which by uncoiling 
the stung moves the dull as many turns as theie are coils , and 
the momentum continues the motion so as to wind up the 
stung in the opposite direction, ready for the succeeding cut 
Ihe piessuie of the hand is only given at the first period of 
each descent of the cioss staff — See Appendix, Notes 4 Z 
to B B page 1003 

Holes that aie too large to be dulled solely hy iliQ bieast 
dull and drill bow, are frequently commenced with those useful 
instruments, and are then enlarged by means of the hand biace, 
which is veiy similar to that used m oaipentiy except that it is 
moie commonly made of iron instead of wood is somewhat 
laiger, and is geneially made without the spiing catch 

Holes may be extended to about half an inch in diameter, with 
the hand biace, but it is much more expeditious to employ still 
larger and stionger biaces, and to picss them into the woik m 
various wajs by weights, levels, and screws, instead of by the 
musculai effort alone 

hig 494 repiesents the old smith’s press dull, which although 
cumbious and much less used than formerly, is nevertheless 
simple and effective It consists of two pans of wooden staudaids, 
between which woiks the boam a b the pm near a is placed at any 
^height, but the weight w is not usually changed, as the gieater 
or less pressure for laige and small dulls is obt lined by placing 
the brace more or less neai to the fulcrum a and this pait of 
the beam is shod with an non plate, lull of small centei holes 
foi the brace Ihe weight is laised by the second lever c d the 


* See 'looliiucal Ropofixtoiy vol n 1822 147 
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two being united by a chain^ and a ligbt cbain oi rope is also 
suspended from d to be within reach of the one or two men 
engaged m moving the brace It is necessary to relieve the 
weight when the dull is neaily thiough the hole otheiwise, it 
might suddenly break through and the dull becoming fix.ed, 
might be twisted oflf in the neck 


Figs 494 d 



ihe inconveniences in this machine aie, that the upper point 
of the brace moves in an aic instead of a right line, the hunted 
path when strong xDressuies are used, which makes it nccess ny 
to shift the fulcrum a, and also the necessity foi le adjusting 
tiie work under the dull foi each different hole, which lu 


awkwardly shaped pieces is often tioublesoine 

A portable contrivance of similii dite is an non bow fiauu 
01 clamp shown in fig 495 , the pressure is applied by a sou w, 
but in almost all cases whilst the one mdividu xl dulls the hoh , 


the assistance of another is required to hold the frame 19 > 


only applies to compar itively thin paiallel works, and does not 
present the necessary choice of position Another tool of this 
kind, used for boring the side holes in cast non pipes foi waUt 
and gis, IS doubtless familiarly known the ciamp or fianu 
divides into two blanches about two feet apart, and these Iti 


inmate like hooks which loosely embrace the pipe, so that the 


tool retains its position without constiaiut and it maj be used^ 


with great facility by one individual 

Fig 496 will serve to show the geneial cliaiaclei, of vaiious 
constiuctions of more modem apparatus to be used foi supply 
mg the piessuie in dulling holes with hand braces It consists 
of i eylindiieal bir a upon which the hon/ontal ie( tangiilai 
lod b, IS htted with a socket, so thatii may be fixed at any height, 
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01 m any angular position, by the set sciew c Upon h slides a 
socket which is fixed at all distances from a, by its set sciew d 
and lastly, this socket has a long vertical screw e, by which the 
brace is thrust into the woik 

The object to be dulled having been placed level, eithei 
upon the giound, on tiestles, on the woik bench, oi in the vice, 
according to circumstances, the 
screws, c and d aie loosened, and 
the biace is put in position for 
woik The perpendiculaiity of 
the brace is then examined with 
a plumb line, applied in two posi 
tions (the eye being first directed 
as it were along the noith and 
south line and then along the east 
and webt,) aftei which the whole is 
made fast by the screws c and d 
The one hole having been dulled, 
the socket and sciewspiesentgieat 
facility in re adjusting the instru 
inent for subsequent holes without 
the necessity for shifting the work, 
which vould generally be attended 
with moie trouble, than altering the dull frame by its screws 
Sometimes the lod a is rectangular and extends from the 
floor to the ceiling, it then traveises in fixed sockets the lower 
of which has a set screw for retaining any lequned position In 
the tool represented, a rod a, terminates in a cast iron base, 
by which it may be grasped m the tail vice, or when required it 
mav be fixed upon the bench, in this case the nut on a is 
unscrewed, the cast non plate when reversed and placed on 
the bench serves as a pedestal, the stem is passed through 
a hole in the bench, and the nut and washer when screwed on 
the stem beneath, secure all very stiongly together Even 
"'in establishments where the most complete drilling machines 
driven by power aie at hand, modifications of the press drill 
are among the indispensable tools many arc contnved with 
sciews and clamps, by which they are attached directly to 
such woiks as are sufficiently laige and massive to serve as a 
foundation 
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Various useful drilling tools for engineering works, are fitted 
with left-hand screws, the unwinding of winch elongate the 
tools, so that for these instiuments winch supply their own 
pressure it is only necessary to find a solid support for the 
center Ihey apply veiy readily in dulling holes within boxes 
and panels, and the abutment is often similarl} provided by 
projecting parts of the castings , or otheiwise the fixed support 
lb derived from the wall or ceiling by aid of props ai ranged in 
the most convenient maimer that piesents itself 

Fig 497 IS the common hiace which only diffeis fioin that in 
fig 496 in the left hand sciew, a light hand screw would be 
unwound m the act of dulling a hole when the biace is moved 
loundm the usual direction which agrees with the path of a 
left hand screw The cutting motion pi educes no change in 
the length of the instrument, and the sciew being held at rest 
for a moment during the revolution sets in the cut but iowaids 
the last the feed is discontinued as the elasticity of the biaee 
and work, suffice for the reduced pressure required when the 
dull is nearly through, and sometimes the screw is unwound 


O 501 

The lever dnll, fig 498 differs fiom the latter figiuo in many 
respects, it is much stionger and applicable to larger holes/ 
the drill socket is sufficiently long to be out into the left hand 
sciew, and the piece seiving as the sciewed nut, is a loop Ui 
minating in the center point llie inci eased length of the level 
gives mueh gieatei puiehase thin in the eiaiik foimed bia<e, 
and 111 addition the lever brace may be applied eluce agamsi a 
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smfice wlieie tlie ciank biaoe cannot be turned xoiind m tins 
cxbe the level is only moved a half circle at a time, and is then 
slid through for a new purchase or sometimes a spanner oi 
wrench is applied cliiectly upon the square dull socket 

Ihe same end is more conveniently fulfilled by the 7atchet 
dull fig 199, apparently derived from the last it is made by 
cutting ratchet teeth in the drill shaft or putting on the ratchet 
as a separate piece, and fixing a pall or detent to the handle 
the latter may then be moved backward to gather up the teeth 
and forward to thrust round the tool with less delay than the 
lever m fig 498, and with the same power the two being of equal 
length Ihis tool is also peculiarly applicable to reaching into 
angles and places in which neither the crank foim brace, noi the 
lever drill will appl} Fig 500, the ratchet lever, m paitresem 
hies the latcliet drill but the pressuie screw of the lattei instiu 
merit must be sought in some of the other contrivances referred 
to as the ratchet lever has simply a square aperture to fit on the 
tang of the dull d which latter must be pressed forward by some 
independent means 

Fig 501 winch is a simple but necessary addition to the 
braces and dull tools is a socket having at the one end a 
square hole to leceive the drills and at the opposite, a squaie 
tang to fit the brace , by this contiivance the length oi the drill 
can be temporarily extended for reaching deeply seated holes 
ihe sockets are made of various lengths, and sometimes two or 
three are used together to extend the length of the brace to suit 
tlie position of the jirop , but it must be remembered, that with 
the additional length the torsion becomes much increased, and 
the resistance to end long pressure much diminished, therefore 
the sockets should have a bulk proportionate to their length 

Ihe French brace, fig 4 69, page 545, is also constructed in 
lion, with a pan^ of equal bevil pinions, and a left baud center 
screw like the tools, fig 497, 498, and 499 it is then called the 
corner dull Sometimes also, as in the succeeding figures 50^ 
*and 503 the bevd wheels are made with a hollow square cu axis, 
as m the ratchet lev er, fig 500 , the diiv er then hangs loosely on 
the squaiG shank of the drill tool, oi cutter bar, and when the 
pmion on the handle is only one third or fourth of the size of 
the bevil wheel with the square hole it is an eff^^ive drivei for 
various uses the long tail or lever serves to prevent the lotation 
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of the diiver, by resting against some pait of the woik oi of the 
woik bench 

All the befoie mentioned tools aie commonly found in a 
variety of shapes m the hands of the eiigineei, but it will be 



observed they are all diiven by hand power and are c lined 
to the woik I shall conclude this section with the description 
of a moie recent drill tool of the same kind, invented by Mi 
A Shanks of Glasgow 

Ihis instrument is lepresented of one eighth size, in the side 
view fig 504, in the front view, 505, and in the section 50G , it 


Figs 504 505 506 



IS about twice as powerful as fig 503, and has the advantage of 
feeding the cut by a differential motion The tangent scicw 
moves at the same time the two worm wheels a and h ^ the 
former has 15 teeth, and selves to revolve the drill, the latter 
has 16 teeth, and by the difference between the two, or the odd 

* A piinciple first miroduced m Dr Wollastons Iroclnometer, for counting 
tlie turns of a carriage wheel 
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tooth, the diillslowl7 and continually, wliicli may be 

thus explained 

ilie lower wheel a, of 15 teeth is fixed on the dull shaft and 
this IS tapped to leceive the centei screw e, of four tin ends per 
inch Ihe upper wheel of 16 teeth is at the end of a sochet cl 
(which IS lepiesented black in the section fig 506) and is con 
nected with the centei sciew c by a collai and internal key, 
which last fits a longitudinal groove cut up the side of the 
sciew c now therefoie the internal and external screws travel 
const intly louiid, aiid neaily at the same rate the difference of 
one tooth in the wheels serving continually and slowly to pro 
ject the sciew c, for feeding the cut lo shorten or lengthen 
the instrument rapidly the side screw e is loosened this sets 
the collar and key, free fiom the 16 wheel, and the center sciew 
may for the time be moved independently by a spanner 

The differentml screw having a double thread in the large 
worm, shown detached at / requires turns of the handle to 
move the drill once lonnd and the feed is one 64th of an inch 
foi each turn of the dull that being the sum of 16 by 4 See 
Appendix, Note B C, page 1004 

srcr IV DRILLING AND bouhstg- machines 

The motion of the lathe inandiel is particulai ly piopei foi 
giving iction to the various single cutting drills lefeiied to 
they aie then fixed in squaie or round hole drill chucks which 
screw upon the 1 itlie mandiel Ihe motion of the lathe is inoie 
uniform than that of the hand tools, and the poxut head, with 
its flatboiing flange and pressure screw form a most convenient 
niangeinent, as the works aie then earned to the drill exactly 
at light angles to the face But in dulling veiy small holes in 
the lathe, there issomeiisk of unconsciously employing a greater 
pressure with the sciew, than the slender drills will bear Some 
tunes the c} Imder is pressed forward by a horizontal lever fixed 
on a fulciuin at othei times the cylinder is pressed foi ward 
by a spring by n rack uid pinion motion, oi by a simple lever, 
and the best airangement of this latter land is that next to be 
described 

In the manufacture of harps theie is a vast quantity of small 
dulling, and the piessnre of the cylinder popit head is given by 
means of a long, straight, double ended lever, which moves 
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lioiizontallv, (at about one third fiom the back extiemitj ) upon 
a fixed post oi fulcium elected upon the back board of the lathe 
I he front of the lever is connected with the sliding cylindei by 
a link 01 connecting rod and the back of the lever is pulled 
towards the right extiernity of the lithe by a cord which passes 
over a pulley at the edge of the back boaid, and then supports 
a weight of about twenty pounds 

Both the weight and the connecting rod, may be attached at 
various distances fiom the fixed fulcium betv een them When 
they are fixed at equal distances fiom the axis of the lever the 
weight, if twenty pounds, piesses foiwaid the drill with twenty 
pounds less a little fiiction if the weight be two inches fiom 
the fulcium and the connecting lod eight inches the effect of 
the weight is reduced to five pounds if, on the other hand the 
weight be at eight and the connecting lod at two inches the 
pressure is fourfold, oi eighty pounds 

The connecting rod is full of holes, so that the lever may be 
adjusted exactly to reach the body of the workman, who standing 
with his face to the mandiel, moves the level with his back and 
has therefore both hands at liberty for managing the work 
Sometimes a stop is fixed on the cylinder, for drilling holes to 
one fixed depth gages are attached to the flange, for dulling 
numbers of similiar pieces at any fixed distance from the edge 
in fact this very useful apparatus admits of many little additions 
to facilitate the use of drills and revolving cutteis 

Great numbers of circular objects such as wheels and pulleys, 
are chucked to revolve truly upon the lathe mandiel, whilst a 
stationaiy drill is thrust forwaid against them by which means 
the concentricity between the hole and the edge is ensured 
The drills emplojed for boiing works chucked on the lathe 
have mostly long shafts some parts of which are rectangulai oi 
parallel, so that they may be pi evented fiom revolving by a 
hook wrench, (page 218, Vol I ,) a sp inner or a hand vice 
applied as a ladius, oi by other means Ihe ends of the dull 
shafts aie pierced with small center holes, in order that they 
may be thrust forward by the screw of the popit head, either by 
hand or by selfacting motion, nimelv a connection between 
either the mandrel or the prime mover of the lathe, and the 
sciew of the popit head, by cords and pullejs, by wheels and 
pinions, or other contuvanoes 
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The dulls figs 476 and 478, p 54S are used foi hoimg 
ordinary holes , but for those requiring greater accui acy or a 
more exact lepetitioii of the sa ne chain etei the lathe dulls figs 
507 to 509 aie commonly selected Fig 507 which is di awn in 
three views and to the same scale as the foimei examples is called 
the half o ouncl hit, oi the cylinder hit 1 he extiemity is giound a 
little inclined to the light ingle bothhoiizontall> and \ ertically, 
to about the extent of tliiee to five degrees It is necessary to 
turn out a shallow recess exactly to the diameter of the end of 
the bit as a commencement the circular put of the bit fills 
the hole, and is theieby letained central v/hilst the left angle 
removes the shaving This tool should never be sharpened on 
its diametrical face or it would soon cease to deserve its appcl 
lation of half round bit some indeed give it about one thirtieth 
more of the circumference It is generally made very slightly 
smallei behind, to lessen the friction and the angle, not m 
tended to cut, is a little blunted half way round the curve, that 
it may not scratch the hole fiom the pressure of the cutting 
edge It is lubricated with oil for the metals gener illy but is 
used diy for hard woods and ivory, and sometimes for brass 



The rose bit, fig 508, is also very much used foi light finishmg 
cuts inbiass, non, and steel, the exticmity is cylindiical, oi la 
the smallest degiee less behind, and the end is cut into teeth 
like a countersink, the lose bit, when it has plenty of oil, and 
but vciy little to remove, will be found to act beautifully, but 
this tool IS less fi.t for cast iron than the bit next to be desaibod 
The rose bit may be used without oil for the hard woods and 
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ivory, m which it makes a vei / clean hole but as the end of 
the tool IS chamfered it does not leave a flat bottomed leccss 
the same as the half lound bit and is therefoie only used loi 
thoioughfaie holes 

The drill fig 509 is much employed but especi illy for cast 
non woik, the end of the blade is made very nearly paialkl, 
the two fiont corneis aie ground slightly rounding and are 
chamfeied the chamfer is continued at a i educed angle alon£> 
the two sides to the extent of about two diameters in length 
this portion IS not stiictly paiallel but is very shglitly Ingest in 
the middle oi baiiel shiped this dull is used diy foi cast non 
Fig 509 in common with all dulls that cut on the side ma^ 
by impioper direction cut sideways, mal mg the hole above tlu 
intended diametei but when the hole has been loughly boicd 
with a common fluted anil, the end of the littei is used as a 
turning tool, to make an accuiate chamfer, the bit 509 is then 
placed through the stay as shown m fig 510 and is lightl} sup 
poited between the chamfer upon the woik and the ccntci oi 
the popit head the moment any pressure comes on the dull, 
its opposite edges stick into the inner sides of the loop (as more 
cleaily explained in fig 511 ) which thus lestruns its position , 
much the same as the point and edges of the turning tools foi 
iron dig into the lest and secuie the position of those tools 
It IS requisite the drill and the loop should be exactly ccntial 
fig 510 sliovb the common form of the sta} when fitted to the 
lathe lest but it is sometimes made as a swing gate to luiii 
aside, whilst the piece which has been dulled is removed, and 
the next piece to be opei ated upon is fixed iii tbc lathe Some 
times also the dull 509 has blocks of hiidwood attached above 
and below it to complete the ciicle , this is usuil foi wi ought 
lion and steel and oil is then employed 

These thiee vaiieties aie exclusively lithe dulls and au 
intended foi the exact lepetition of a numbei of holes oi tlu 
particulai sizes of the bits, and winch, on tint acooimt, should 
remove only a tlnn shaving to save the tools fiom woai 

The cjlinder bits, howevei, may be used foi eiilaiging hob s 
below half an inch, to the extent oi about one thii d then, di uncle i 
at one cut, and for holes from half an iiicli to one inch, about 
one fourth then diameter oi less, and as the hits me lease in 
size, the proportion of the cut to the diimetei should dccuase 
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With the flange of the popit head enlarged into a table for the 
work which then lies m the horizontal position simply b> gravity, 
or is occasionally fixed on the table by sciews xiid clamps The 
stiiicture of these impoitant machines admits of almost endless 
duersity and in neail} every manufactory some peculiaiity of 
constiuction may be obseived 

Figs 512 and 513 exhibit Nasmyth^s “ Poi table Hand drill 
which IS introduced as a simple and efficient example, that may 



serve to convey the general characters of the drilling machines 
The spindle is driven by a pair of bevil pinions the one is attached 
to the axis of the veitical fly wheel, the other to the drill shaft, 
which IS depressed by a screw moved by a small hand wheel 
Sometimes, as in the lathe, the drilling spindle rex olves with 
out endlong motion, and the tible is raised by a treadle or by a 
hand lever, but more generally the drill-shaft is cylindiical and 
revolves in and also slides through, fixed cjlindrical bearings 
The drill spindle is then depiessed in a vaiiety of ways, sometimes 
by a simple lex er at other times by a tieadle which either lowers 
the shaft only one single sweep, or by a ratchet that bungs 
it down by several small successive steps through a gieatei 
distance , and mostly a coimtei poise weight lestoies thepaits to 
their fiist position when the hand or foot is lemoved Fiiction 
clutches tiams of differential wheels, and othei modes, are also 
used in depressing the dull spindle, oi in elevating the table by 
self acting motion Frequently also the platfoiin admits of an 


* Probably no individual has originated so many useful varieties of drilling 
macbines as Mr Richaid Roberts of the firm of Sharp Roberts and Co 
Manchester 
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adjustment independent of that of the spindle for the sake of 
admitting largei puces the hoii/ontal position of the phtfoiin 
IS then retained by a slide to which a rack and pinion move 
ment, oi an elevating screw, is added * 


Dulling machines of these kinds are generally used with the 
ordmaiy pieicmg drills, and occasionally with pm diillb, thelat 
tei instiument appeals to be the tjpe of another class of bonng 
tools namel}, cutte7 bars, which aie used for works reqiiumg 
holes of gi eater dimensions oi of supeiioi accuracy than can 
be attained by the ordmaiy pointed dulls 

Ihe small application of this principle, oi of cutter bars, is 
shown on the simescah as the former drills, in fig 614, the 
cnttei G is placed m a diametiical mortise in a cylmdiical 
boring bai, and is fixed by a wedge, the cutter c extends 
eqiiall}^ on both sides, as the two piqjections or ears embrace the 
sides of the bai, which is slightly flattened near the mortises 
Cutter bais of the same kind, aie occasionally employed with 
cutters of a viriety of foims, foi making grooves recesses 
mouldings and even sciews upon paits of heav} woil s and 
those which cannot he conveniently fixed m the oulinaiy lithe 
Iig 615 lepiescnts one of these, but its application to scicws 
will be found in the chapter on the tools foi sciew-cuttiiig 
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The larger applic ition of this piinciple is shown in fig 516, in 
which a cast non ciittei block is kejecl fast upon a C}lindii(al 
bar the block has four, six, or more giooves in its pciipheiy 


* Tho plitform in i clrillm machine at Messis Penns Qi eon wioh ih pheod 
between two side fi lines 'witli fdlots a few inches apiit so tint it iB Kuppoited at 
any height like a single drawei m in empty tui ihe tiavoise of the dull shaft 
IB rather moie than c(|uil to tho spiee ht tween tho Qllots 
iigures 512 and 513 iie transeubed fiom plito 29 of Binhanan h Mill Work ' 
by Rcniuo 18 il and plxtes 29 to 13 a of that woik contain ^allous other 
drilling niacliint H siniiln to ind ( \pliiiatnj. ot ihobt in j^euonl use 
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Sometimes the work is done with only one cutter and should the 
har vibiate the remamdei of the qioo\es aie filled with pieces 
of hard wood so as to complete the bearing at so many points of 
the circle , occasionally cutteis are placed in all the giooyes, and 
carefully adjusted to act in succession, that is the first stands a 
little nearer to the axis than the second, and so on throughout, 
in order that each may do its shaie oi the work but the last 
of the senes takes only a light finishing cut, that its keen edge 
may be the longei preserved In all these cutters the one face 
IS radial, the othei differs only four or five degrees from the light 
angle and the corneis of the tools are slightlj rounded 

These cuttei bais like the rest of the dulling and boring 
machiner}, are employed in a gieat variety of ways, but which 
resolve themselves into three pimcipal modes 

First, the cutter bar re^ohes without endlong motion, in fixed 
centers oi bearings, in fact, as a spindle in the lathe the woik 
is traversed, or made to pass the revohmg cuttei m a right line, 
for which end the work is often fixed to a tiaversing slide rest 
This mode requires the bar to measure between the suppoits 
twice the length of the woik to be boied, and the cutter to be 
in the middle of the bar, it is theiefore unfit for long objects 
Secondly the cutter bar revolves, and also slides with endlong 
motion, the work being at rest , the beaiings of the bar are then 
frequently attached in some temporary manner to the work to 
be boied, and aie often of wood * 

In anothei common airangement, the boring bar is mounted 
in headstocks, much the same as a traversing mandiel, the 
work IS fixed to the beaieis cairying the headstocks and the 
cutter bar is advanced by a sciew The screw is then moved 
either by the hand of the workman by a star wheel, oi a 
ratchet wheel one tooth only in each i evolution , or else by a 
system of diffeiential wheels, in which the external sciew has a 
wheel say of 50 teeth, the internal sciew a wheel of 51 teeth, 
and a pair of equal wheels or pinions diives these two screwy 
continually, so tint the advance of the one fiftieth of a turn 
of the scicw, or their difference is equally divided ovei each 

* Cylinders of forty inclies diameter foi steam engines liave "been thus bored 
by ittachmg a cast iron cioss to each end of the cylinder the ciossea are bored 
exactly to fit the boring bar one of them cairiea the driving gcai and the bar is 
thrust endlong by means of a screw moved by a ratchet oi stii wheel 
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reTolution of the cuttei bai, much the same as in the dif 
fereiitial motion of the sciew drill, fig 504, page 5G2 

This second method only requiies the mteival between the 
fixed bearings of the cutter bar to be as much longei than the 
woik, as the length of the cuttei block , but the bar itself must 
have more than twice the length of the woik, and requiies to 
slide through the supports 

Cutter bars of this kind are likewise used in the lathe in 
the act of boiing the end of the bar then slides like a piston 
into the mandiel Such bais aie commonly applied to the 
vertical boring machines of the larger kinds which are usually 
fitted with a differential appaiatus,for deteimming the progress 
of the cut, the bar then slides through a collar fixed in the bed 
of the machine 

In some of the large boring machines either one or two 
hoiizontal slides are added, and by their aid, series of holes may 
be bored in any requiied ariangement For instance, the 
seveial holes in the beams, or side levels, and cranks of steam 
engines, are bored exactly peipendicular in a line, and at any 
precise distances, by shifting the work beneath the revolving 
spindle upon the guide or railway , m pieces of other kinds the 
woik is moved laterally during the revolution of the cutters, 
for the formation of elongated countersinks and grooves 

Tlmdly In the largest applications of this principle, the 
boring bar revolves upon fixed bearings without traversing, and 
it is only needful that the boring bar should exceed the Ic ngth 
of the woik, by the thickness of the cutter block, of which it 
has commonly several of different 
diameters The cuttei block, now 
sometimes ten feet diameter ti a 
verses as a slide down a huge 
boring bar, whose diameter is 
about thniy inches Theie is a 
groove and key to couple them 
together, and the tra\ erse of the 
cutter block down the b ir, is 
caused by a side scicw, upon the 
end of which is a laige wheel that engigos m a small pimouj 
fixed to the statiouarj center oi pcdcstxl of the machine With 
eveiy revolution of the cultir hai, the great wheel is cmntd 

X 1 
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around the fixed pimon, and supposing these he as 10 to 1 the 
gieat wheel IS moved one tenth of a tuin and theiefoie moves 
the screw one tenth of a turn also, and slowly tx xverses the 
cutter block 

The contiivance may be viewed as a huge self acting and 
revolving sliding lest, andthe diagram 517 shows that the cntki 
bars are eq[ually applicable to portions of ciicles, such as the 
D calves of steam engines, as well as to the enoimous iiiteiioi 
of the cylinder itself^ See Appendix Note B J 1010 

All the preceding boring tools cut almost exclusively upon the 
end alone They are passed entirely thiongli the objects, and 
leave each part of their own particulai diameter and tlicieloie 
cylindrical but I now pioceed to desciibe othei bouiig tools 
that cut only on their sides go but paitly thiough tlie woik and 
leave its section a counteipart of the instiument 'Ihese tools 
aie generally conical and seive foi the enlagement of holts to 
sizes intei mediate between the gradations of the dulls, and also 
for the formation of conical holes, as for v lives, stopcocks, and 
other woiks The common pointed dull, or its nmlii plication 
in the lose conn tei sink is the type of the senes, but m gene lal 
the broaches have sides which aie much moie neaily paiallel 


SECT V BROACHES FOR MAKING TAPER HOLES 


The tools for making tapei holes aie much less varied than 
the drills and boring tools for cylindrical holes Thus the 
carpenter employs only the iimer which is a fluted tool like the 
generality of his bits it is sharpened fiom within, as shown in 
fig 518, so as to act like a paring tool Flutes and claiioiictb 
Fjgs £18 520 521 5^2 523 624 626 628 


OQ>' 


627 





528 
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are first perforated with tlie nose bit and then broached with 
taper holes, by means of tools of this Lind, winch ait vciy 


* There is generally a small mteimednto wheel between the two lijnoHtntcd, 
many other details of the laige boring mxchmes will also bo found lu Jiuoh ui ui h 
M ill Woik as already noticed 
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carefully graduated as to their dimensions Fig 519 repiesents 
a Greiman rimer, used by wheelwrights for inlaying the boxes of 
axletiees, the loose blade is sepaiated fiom the shell of the 
instiument, by introducing slips of leathei oi wood between the 
two, the detached cutter fits on a pm at the fiont, and is fixed 
by a ling oi collai against the shaft 

A curious iimei foi the use of wine coopers, was invented by 
the late Mr John Hilton by which the holes were made more 
tiuly ciiculxr, and the shavings weie prevented fioin diopping 
into the cask The stock of the instiument consisted of a 
hollow brass cone, seen m section in fig 5S0 , down one side 
there was a slit for containing a narrow blade oi cutter, fixed by 
three or foui sciews placed diametiicall} The tube was thus 
converted into a conical plane , the shavings enteied within the 
tube, and weie removed by taking out a coik from the small 
end of the cone * 


The broaches for metal aie made solid, and of vaiious 
sections as half lound, like fig 521, the edges aie then lectan 
gulai but moie commonl} the bioaches aie polygonal, as in 
fig 522 except that they hive 3 4, 5 6 and 8 sides and their 
edges measme respectively GO, 90 108, 120, and 135 degiees 
Hie four, five, and six sided bioaches arc the most general, and 
the watchmakeis employ a round hioach in which no angle 
exists, and the tool is thcrefoie only a hiunishci, which com 
pusses the mctil and rounds the hole 

Oidinny broaches aie very acute, and fig 528 may be con 
sid( led to repiesent the general angle at which then sides meet, 
nuncly less than one or two dcgiees the end is usually 
cliamfcied oil with as many facets as there are sides, to make a 
pcnctiating point, and the opposite exticmity ends in a squaie 
tang, oi shank, by which the instiument is woikcd 

Squaie bioaches, alter having been filed up, aie sometimes 
twisted whilst red hot, fig 527, shows one of these the lectin 
gulai section is but little chstuibc d, ilthough the la(cs become 
slightly concave Ihe advxntagc ol the tool appeals to exist 
in its sciow loun when it is turned in the direction of the spiral, 
It cuts with avidity and lequucs hut little piessuK, as it is 


* See Trans Soc of Arte 1830 vol xlvin page 1 ^5 



574 


PARALLEL BROACHrS FOR METAL 


almost disposed to dig too forcibly into tlie metal when turned 
the reveise way as m unsciewing itieqmies as much or moie 
pressure than similar broaches not twisted This instiument, if 
bent in the direction of its length, either in the act of twisting 
01 hardening, does not admit of collection by grinding, like 
those broaches having plane faces It is not much used, and is 
almost restncted to wi ought iron and steel 


Large countersinks that do not teiminate in a point ire 
sometimes naade as solid cones a gioove is then foimed uj) one 
side and deepest towards the base of the cone, for the inseition 
of a cutter, see fig 523 As the blade is nai rowed by sharpen 
ing it IS set a little forward in the direction of its length to 
cause its edge to continue slightly in advance of the general 
suiface, like the iron of a plane foi cutting metal 

Tig 529 represents Mr Eichard Eobeits broach, in which 
four detached blades are intioduced, for the sake of retaining 


Fig 5'>Q 



t e cone or angle of the broach with greater facility The bar 
or stock has four shallow longitudinal grooves, which are nearly 
radial on the cutting face and slightly undercut on the other 
The grooves are also rather deeper behind, and the blades aie 
a little wedge foim both in section and m length to constitute 
the cone and the cutting edges In lestoiing the edges of the 
blades they aie lemoved fiom the stock and their angles aie 
then more easily tested when replaced, they aie set neaier to 
the point, to compensate for their loss of thickness 


Broaches are also used for peifecting cylindrical holes, as well 
as for making those which aie taper The broaches are then 
made almost parallel, or a veiy little the highest in the middle , 
they are filed, with two or thiee planes at angles of 90 degieos, 
as m figs 524 or 520 The circular pait not being able to cut, 
selves as a more ceitain base or foundation, than when the tool 
is a complete poljgon, and the stems are commonly made 
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small enougli to pass entirel} tliroiigli tlie holes, which then 
agree very exactly as to size Such tools aie theiefore rather 
entitled to the name of finibliing dulls, than bioaches 

The size of the parallel broaches is often slightly increased, 
hy placing a piece or two of papei at the convex part , leather 
and thill metal ai e also used for the same puipose Gun barrels 
are bioached with sq^uare bioaches, the cutting parts of which 
aie about eight to ten inches long, they aie packed on the four 
sides with slips oi spills of wood, to complete the cucle, as iii 
fig 526 in winch the tool is supposed to be atwoik The size 
of the bit is piogressivelj enlaiged by introducing slips of thin 
paper, piece by piece between two of the spills of wood and the 
bioach, the paper throws the one angle moie towards the 
center of the hole, and causes a corresponding advance in the 
opposite or the cutting angle Sometimes, however, only one 
spill of wood IS employed 

A broach used by the philosophical instrument makers in 
finisliing the ban els of an pumps, consisted of a thin plate of 
steel inserted chainetiicallj^ between tvo blocks of wood, the 
whole constituting a cylindei with a scraping edge slightly m 
advance of the wood , slips of paper were also added 

According to the size of the hioaches, they are fixed m 
handles like brad awls, they aic used in the biace, or the tap 
wiench, namely, a double ended lever with squaic cential holes 
Sometimes, also, bioaches are used in the lathe just like dulls, 
and for laige works, broaching macliines aie employed , these 
aie little moie than dining gear teiminating in a simple kind 
of universal joint, to lead the power of the steam engine to the 
tool, winch IS gencially left under the guidance of its own edges, 
accoiding to the common pxinciple of the mstrument 

In dulls and bioaches tbe penetrating angles are commonly 
more obtuse than m turning tools, thus in dulls of limited 
dimensions, the hook foiin of the turning tool for iron is map 
phoablc, and m the huger examples, the peiinaucnce of the tool 
isof moie consequence than the increased fiiotioii Bui on account 
of the addition il friction excited by the neaily lec t mgulai edges, 
it IS cDiumoiily neccssaiy to employ a smallci velocity m boimg 
than in taming coiicbpoiiding diametcis, in oidei to avoid soft 
emiig the tool by the heat gcnciated and m the ductile fibrous 
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metals as wrought iron, steel, copper and others, lubric rtioii 
with oil water, &c , becomes more necessaiy than in turning 

The drills and broaches form together a complete senes 
First the cylinder hit the pm drills, and others with blunt sides, 
pioduce cylindiical holes by means of cutters at right angles to 
the axis, then the cuttei becomes inclined at about 45 degrees, 
as in the common piercing drill and cone countersink, the angle 
becomes much less in the common taper bioaches^ and finally, 
disappears m the parallel broaches, by which we again pioduce 
the c}lindiical hole but with cuitexs pai allel with the axis, of 
the hole 

Still considering the dulls and broaches as one group the 
dulls have comparatively thin edges, alwa} s less than 90 degrees, 
yet they lequiie to be urged forward by a screw or otherwise, 
the resistance being sustained in the line of their axes The 
broaches have muchmoie obtuse edges never less than 90 and 
sometiineb extending to 135 degrees , and yet the greater force 
required to cause the penetration of their obtuse edges into the 
material, is supplied without any screw, because the pressure in 
all these varied tools is at right angles to the cutting edge 

Thus supposing the sides of the broach extended until they 
meet in a point as m fig 528, we shall find the length will very 
many times exceed the diameter, and by that number will the 
foice employed to thrust forward the tool be multiplied, the 
same as in the wedge, whether employed in splitting timber or 
other \Mse, and the broach being confined m a hole, it cannot 
make its escape but acts with great lateral pressure, directed 
radially from each cutting edge and the broach under proper 
management leaves the holes very smooth and of true figure 
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SCREW CUTTIN'G- TOOLS 
SECT I — ^INTRODUCTORY REMARKS 

An elemental y idea of tlie form of the screw, or lielix, is ob 
tamed by consideiing it as a continuous ciicular wedge, and it 
IS readily modelled by wiappmg a wedge-formed piece of paper 
aiound a cylinder, the edge of the paper then repiesents the 
line of the screw and winch preserwes one constant angle to 
the axis of the contained cylinder, namel} , that of the wedge 
Ihe ordmnry wedge oi the diagonal maybe pi educed by the 
composition of tw o xinifoy m lectilinear motions, winch if equal, 
jiioduce the angle of 45°, or if unequal Taiious angles moie or 
less acute and in an analogous mannei, the ciiculir wedge or 
the screw ma}^ be pi oduced of every angle oi coaiseness,hy the 
composition of an tinifoiiB circular motion, Yith an nnifoim 
lectilinenr motion And as either tlierectilmen oi the ciicular 
motion may be given to the woik oi to the tool indilieientlj, 
theie aie four distinct inodes of producing sciews, and winch 
aie all variously modified in practice 

The screw admits of great divei sity it may possess any dia 
meter, it may also have any angle that is, the internal between 
the till cads maybe eithei coaise or fine accoiding to the angle 
of the wedge, or the ratio of the two motions and the wedge 
may be wound upon the cylinder to the light hand or to the 
left, so as to produce either light or left hand screws 

Ihe idea of double tuple, oi quadiuple sciews, will be con 
v( yedby consulenng two, three, or four blaclt lines drawn on the 
uncoveied edge of the wedge formed paper, oi likewise by two, 
thiee or foul strings or wiies placed m contict, nid coiled as a 
flat band aiound the c}hnder,the angle remains uiiiltered, it is 
only a multiplication of the fuirows oi threads and lastly, the 
screw may have any section, thit is, the section of the woim or 
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thread may be angular, square, round, or of any arbitrary form 
'Ihus far as to the variety in sciews 

The impoitance of this mechanical element, the screw, in all 
works in the constructive arts is almost immeasuiable For 
instance gieat numbers of sciews are employed meiely for con 
necting together the different p irts of which vaiious objects are 
composed, no other attachment is so compact, powerful or 
geneially available, these hindzng or attachment scie-w^ require, 
by comparison the least degree of excellence Other sciews are 
used as ? eg'ulating screws for the guidance of the slides and the 
moving parts of machinery, for the sciews of presses and tlie like, 
these kinds should possess a much greater degree of excellence 
than the last But the most exact screws that can be pioduced, 
are quite essential to the good peiformance of the engines 
employed in the giaduation of right lines and circles and of 
astionomicnl and mathematical instruments , in these delicate 
micrometncal screws our wants ever appear to outstrip the 
most lefined methods of execution 

The attempt to collect and describe all the ingenious con 
tiivaiices which have been devised for the construction of screws, 
would be in itself a work of no ordinary labour or extent I must, 
therefore, principally restrict myself to those varied processes 
now commonly used in the woikshops, for producing with com 
parative facility, sciews abundantly exact for the gieat majority 
of purposes It has been found rather difficult to arrange these 
extremely different processes in tolerable order but that which 
seems to be the natural order has been adopted thus 

There appears to be no doubt, but that in the earliest production 
of the appaiatus for cutting screws, the external screw was the 
first piece made this plain circular metal screw was serrated and 
thus converted into the tap, or cutting tool, by which internal 
screws of conesponding size and form were next produced and 
one of these hollow screws, or dies, became in its turn the means 
of regenerating with increased truth and much gi eater facility, 
any number of copies of the original external screw In these 
several stages there is a progressive advance towards peifcction, 
as will be hereafter adverted to 

These hand processes are mostly used for screws, which 
are at least as long if not longex than then diameters The 
rotatoiy and rectilinear guides, and the one oi several series of 
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cutting points aie then usually combined within the tool 
This first group will be consideied in three sections namely 
II On originating screws 

HI On cutting internal screws, with sciew taps 
IV On cutting exteinal screws with sciew dies 
Subsequent impiovements have led to the emplo} ment of tlie 
lathe, in pioducing from the above, and in a variety of ways, still 
moie accuiate sciews These methods are sometimes usedfoi 
screws which possess only a portion of a tuin, at othei times for 
sciews twenty or thiity feet long and upwaicls The lotatoiy 
guide is always given b\ the mandrel, the rectilineal guide is 
variously obtained, and the detached screw tool oi cuttei, may 
have one single point, oi one senes of points which touch the 
ciicle at onl} one place at a time This second group will be 
also considered m thiee sections, namely 

V On cutting screws, in the common lathe by hand 
VI On cutting sciews, m lathes with tiaveismg mandrels 
VII On cutting screws, m lathes with tiaversing tools 
It may be furthei obseived that the modes described in the 
six sections aie in general applied to very different purposes, 
and are only to a limited extent capable of substitution one for 
the other it is to be also remaihed that it has been considered 
convenient, in a great measiiie to abandon oi rather to modify 
the usual distinction between the tools respectively used for 
wood and for metal The eighth and concluding section of this 
chapter describes some refinements in the pioduction of screws 
which are not commonly practised, and it is in some measuie a 
sequel to the second section 

SECT II — ON OEIOINATING SCREWS 

It appears more than piobable, that m the earliest attempts 
at making a screw, a sloping piece of paper was cemented around 
the iron cylinder , this oblique line was cut through with a stout 
knife or thin edged file, and was then gradually enlarged by 
hand until it gave a rude form of screw Doubtless, as soon as 
the application of the lathe was geneially known, the work was 
mounted between centers so that the process of filing up the 
groove could be moie easily accomplished, or a laomted turning 
tool could be employed to assist Such, in fact, is one of the 
modes recommended by Plumier, for cutting the screw upon a 
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la,the mandrel for leceivmg the chucks even in preference to 
the use of the die stocks which he niged weie liable to bend 
the mandiel in the act of cutting the sciew * 

Neailj simiKi modes have been repeatedly used for the pro 
duction of oiiginal screws , one account difieiing in sevei il 
lespects fiom the above is desciibed as ha\ing been vciy sue 
cessfully resoited to abo\e fifty jeais back at the Soho woiks, 
Biimingham, by a woikman of the name of Anthony Eobinson, 
before the introduction of the screw cutting lathe 

Ihe screw was seven feet long six inches dumeter and of a 
squiie tuple thiead, aftei the sciew w is accuiatelj turned as a 
cjlindeij the paper was cut paiallel exictly to meet aiound the 
same and wasiemoved and maij ed in ink with parallel oblique 
lines, lepiesentmg the iniigms of the threads, and having 
been lepliced on the cylmdei the lines were piicked tluough 
with a centei punch Ihe paper vvas agnn lemoved, the dots 
were connected by fine lines cut in with a file, the spaces were 
then cut out with a chisel and haminci and smoothed with a 
hie to a sufficient extent to serve as a lead or guide 

The partly foimed screw v^as next temporaril} suspended in 
the center of a cist iron tube or box stiongly fixed against a 
horizontal beam, and melted lead mixed with tin was pouied 
into the box to convert it into a guide nut, it then only lemained 
to complete the thread by means of cutters fixed against the 
box 01 nut but with the power of adjustment in fact in a kind 
of slide rest the screw being hinded round by levels t 

Another veiy simple way of oiigiiiatmg screws, and which is 
sufheiently accurate foi some purposes, is to coil a small wiie, 
aiound a laigei stiaight wire as a nucleus this* last is fie 
quently the same wiic the one end of which is to be cut into the 
screw Ihe covering wire whose dumeter is equal to the space 
required between the threads of the screw is wound on close 
and tight and inide fast at each end lire coiled screw, being 
enclosed between two pieces of hard wood, indents a hollow oi 
counterpart thicad sufficient to guide the helical traverse and 
a fixed cutter completes this simple apparatus Sec Appendix 
Note B K, page 1010 

* L A'il du Tomneur by Plumier 1701 pages 15 — 19 

t This mode which is described m Gill s Tech Repos vol vi p 261 is said 
to have excited at the time great admiration horn its success It is probiblo a 
gun metal nut was cast upon this screw for use after the screw was finished 
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Comraon screws, for some household purposes, have been 
made of tinned non wne t^o coveung wires me rolled on 
together, the one being lemored leaves a space such as the 
oidinaiy hollow of the thread, and when these screws are 
dipped m a little melted tm the two wires become soldered 
together 

Other modes have been resorted to for making original screws, 
hy indenting a smooth cylinder, with a sharp edged cutter placed 
across the same at the required angle and ti listing to the sui 
face or rolling contact, to produce the rotation and traverse of 
the cylinder with the development of the screw In the most 
simple application of this method, a deep groove is made along a 
piece of board in which a straight wire is buried a little beneath 
the surface, a second groove is made nearly at right angles 
acioss the first, exactly to fit the ciittei, which ib just like a 
table knife, and is pi iced at the angle reqiuiedin the screw 
The cutter when slid over the wire indents it caiiies it lonnd 
and travel ses it endways in the pith of a screw a helical 
line IS thus obtained which by cautious management maybe 
perfected into a sciew siilficiently good foi in my purposes 

The late Mi Heiiiy Maudslay emplo} eel a ciittci upon c^lm 
deis of wood, tm brass iron, and other mateiials, mounted to 
revolve between centers in a triungulir bar lathe , the knife was 
hollowed to fit the cylinder and fixed at the leqimed angle on 
a block adapted to slide upon the bii , the ohlnque incision 
carried the knife along the revolving cylinder Some himdicds 
of screws were thus made, and then agreement with one another 
was in many instances quite remarkable on the whole he gave 
the preference to this mode of origiiuitmg screws * 

Ml Allan s apparatus foi originating sciewsfor astronomical 
and other purposes is repiesented m plan m fig 530, in side 
elevation in fig 531, and 533 is the front elevation of the cutter 
frame alone The piece intended for the screw, nainel} a a fig 
530, IS turned cjhndrical, and with two equal and cylindiicil 
necks it is supported in a metal frune with two senn ciiculai 

Tte re^der is also rcfeired to tlieTinns Soc of Arts 'vol xlu page 127 for 
the desciiption of IVIi Walshs method of niahmg oiiginal screws hy rolling con 
tact or with a shoit screw Doounted as a milling tool to act only hy pressure (see 
also figs 587 and 588 page 604 of this yolume ) the method appears however to 
he ciiciiitoiis chill cult and very qiiesfcionaUe The mstiument hg 30 page 124, 
vol 1 for cutting snahej m horn is vir ually in oiic,inator of sciews 
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bearings^ h 6, which aie fixed on a slide moved b} an adjusting 
screw c speaking of the appaiatus the inventor says 

The instrument geneiates oiiginal sciews peifectly tine, of 
any number of thieads^ and light oi left handed In this case, 
the stock and cutter are made as in figs 530 531 and 5 ]2 , 
the back of the stock is mide into the segment of a ciicle s 
and the top of the cutter is continued into an index, t I he 
cuttei IS a single thread, and moves on its edge, 'V, as a center 
This must fit true, and the stock fit close to the cuttei, to k(ct) 
it perfectly steady u u, two sciews to adjust and fisten the 
cutter to any requiied angle The cuttei should be lathci 
elliptical for it is best to fit well to the c}hndei at the gieatcst 
angle it will be ever used When one turn has been given to 



the cylinder, fig 530 a tooth iv is put iiilo the cut, and 
screwed fast this tooth secuies the lead, and causes evay 
following thread to be a repetition of the fiibt and, though it 
might do without yet this is a satisfaotoi y socui ity ^ 

* bee Trans Soc of Aits 1816 vol xx'viv p 2(J6 J he ongi avini^s are (opusd 
from figs 6 to 12 of plate 23 An msti ament b'lsed on. the sarno y noral pUn ih 
desciibedmtlie Mech Mag 1836, vol xxv p 377 hut it gu itly mfciioi to 
the above 
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In cutting oulinary sciews, the dies, shown sepiiatelj in 
figs 633 to 636, the con si delation, of which is for the 
present defeired, take the place of the oblique cuttei in the 
foimer figures 

The screw is also oiiginated, bytiaversingthetool in a right 
line alongside a plain leYolvmg cylinder Sometimes the tool 
has many points and is guided by the hand alone at other 
times the tool has but one single point and is guided mechani 
cally so as to pioceed say one inch or one foot in a light line, 
whilst the C} linder makes a definite number of i evolutions I he 
tool IS then tiaversed eithei by a ’wedge placed transveisely to 
the axis, by a chain or metallic band placed longitudinally, or by 
another screw, connected in various wa} s with the screw to be 
produced by wheel work and other contiivances 

It would be injudicious to attempt at this place the explana- 
tion of these complex methods of originating sciews some of 
them will, however, be introduced in the course of this chapter, 
whilst, for greater perspicuity, others will be deferred unto its 
latter pages The next section will be now proceeded with on 
the supposition that a screw of fair quality has been oiigmated 
by some of the means refeired to 

SECT III — ON CUTTING INTERNAL SCREWS WITH SCREW TAPS 

The screw is converted into the tap, by the removal of paits 
of its circumference in older to give to the exposed edges a 
cutting action , whilst the ciicular iiaits which remain, serve 
foi the guidance of the instrument within the helical gioove, or 
hollow thread, it is required to foim 

In the most simple and piimitive method four planes were 
filed upon the sciew as in fig 637, but this exposes very obtuse 
edges which can hardly be said to cut, as they form the thiead 
partly by indenting and paitly by raising or bun mg up the 
metal , and as such they scarcely pioduce any effect in cast non 
or other ciystallme mateiials Conceiving as in fig 637, only 
a very small portion of the circle to remnn, the working edges 
of squared taps, foiin angles of (90 + 46 oi) 135 dcgices with 
the ciicumfeieiicc, and the ingle is the gieatci,the moie of the 
cncle that remains It is better to file only thiee planes as m 
fig 538, but the angle is then as gicat as 120 degiees even 
under the most favourable ciicumstances 
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In taps of tlie smallest size it is imperative to siilimit to these 
conditions and to employ the above sections Sometimes small 
intermediate facets or planes are tipped off a little obliquely 
with the file, to relieve the surface fiiction this gives the iiistiu 
ment paitly the chaiactei of a six or eight sided bioich, and 
improves the cuting action 


Figs 537 538 539 540 541 512 



Theie appeals to be no doubt but that for general purposes, 
the must fxvoui ible angle for the edges of scicw taps and dies, 
IS the latliil line or an angle of 90 degrees 11ns condition 
ininifesJy exists in the half lound tap fig 539, which is advo 
cited in the annexed quotation fioin Sii John Eobison who lu 
speaking of the tap, sa 3 s I piopose that this should be made 
half loiiud as it will be found tint a tap formed in this way 
will cut a full clear thread (even if it may be of a sharp pitch) 
without making up anypait of it by the buir as is almost 
univei sally the case, when blunt edged oi grooved taps are 
used ’ 

‘‘ It has sometimes been objected to me by persons who had 
not seen half round tapo in use, that from their containing 
less substince than the common forms do, they must be veiy 
liable to be broken by the stiain lequiied to turn them in the 
woik It IS pioved, however by experience, that the strain m 
their case is °o much smaller than usual tliat theie is even less 
chance of breaking them than the stouter ones Workmen are 
awaie that a half round opening bit makes a bettei hole and 
cuts faster than a five sided one, ind yet that it lequiies less 
force to use it ^ 

Fig t)40 in which two thuds of the circle rie allowed to lemain,. 
has been also employed for taps, this, although somewhat less 
penetrative than the last, is also less liable to displacement with 
the tap wrench It is much more usual to employ thieeradiil 
cutting edges instead of one only , and ab in the best ioi ms of 
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taps, they are only required to cut in the one direction, or when 
they are screwed into the mit the othei edges aie then cham 
feied to make room foi the shavings theiehy giving the tip a 
section somewhat like that of a latchet wheel, with eithei thiee, 
four, or five teeth, as m figs 5f 1 and 549 

It IS more common however, either to file up the side of the 
tap, or to cut by machmeiy, thiee concave oi elliptic il flutes as 
111 542 , this foim sufficient!} appioximites to the desidei ituia 
ot the radial cutting edges it allows plenty of loom loi the 
shavings, and is easily wiped out What is of equal oi gieitei 
impoitance, it presents a symmetiical figure little liable to 
accident in the hardening eithei of distortion from uiiequil 
section, as in figs 539 and 540, or of ciacking fiom internal 
angles, as in 640 and 541 * 

Still considermg alone the transverse section of the tap, it 
will be conceived that before any of the substance can be re 
moved from the hole that is being tapped, the ciiculai part of 
the instiument must become embedded into the metal a quantity 
equal to the thickness of the shaving, and in this respect figs 
537 and 538 in which the ciicular parts are each only the tenth 
or twelfth of the cncumfeicnce appear to have the advantage 
ovei the modem taps 541 and 51^ in which each aic is twice is 
long Such, however, is not the case, as the first two act more 
111 the rnannei of the bioich, if we conceive that instiument to 
have seriated edges butfigs 511 and 542 act nearly as tuiiiiiig 
tools, as in goneial the outer oi the circular surface is slightly 
relieved with a file, so as to leave the cutting edges a, somewhat 
111 advance of the general iieiiphciy which is equivalent to 
chamfeiing the lower plane of the turning tool some 3 degrees 
(see page 534) to produce that relief which has been appro 
piiately named the angle of sepai ation 

But in the tap fig 543, patented by Mi a Bodmer of Man 
Chester, this rs still more efiectuall} accomplished The iiistiu 
meat instead of being turned of the ouliiiaiy circular section 

In fluting taps as lu cutting the teeth of wheels the tap ii wlieol le ft e 
qiiently cliucked m the lathe just os in turning but the niandiU ih hold at lost 
by the dividing jJate and the tool is a cutter lovolvxiig lioii^ontally ind ti i 
versed thiough the groove by the slide rest sciow Iho round fliitce vro made 
with cutteiB having semicircuUr edges and plated contially tlio i atcUct loi in 
flutes aro made with tliitk saws or squaic. edged cuttois tho oiio tdge. oi those is 
placed to mteiBCct tho centoi of the tap and loait tho ladul edge 

‘i 
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m tlie lathe (or as the outer dotted line) is turned with thiee 
slight undulations, by means of an alternating radial motion 
gn en to the tool From this it results, that when the summits 
of these hills are conyeited into the cutting edges, that not only 
are the extreme edges oi points of the teeth made prominent, 
but the entile seriated surface becomes inclined at about the 
thiee degiees to the external circle, or the line of woik so as 
exactly to assimilate to the turning tool, and theiefoie theie is 
little doubt but that, under equal circumstances, Mi Bodinci s 
tap would woik with less friction than an;y other 




The piinciple of chamfering, or relieving the taps, must not 
however, be earned to excess, or it will lead to mischief, in ex 
planation of which the diagrams 544 545, and 510 may he con 
sidered paiallel with the forms 429 430, and 431, of page 5 U 
For example the tap, if sloped behind the teeth as m 511, would 
be much exposed to fractuie, and the instiument being entne ly 
tinder its own guidance, the three senes of keen points would 
be apt to stick nregulaily into the metal, and would not pioduc o 
the smooth, ciicular, or helical hole, obtained when the. tool 5J > 
IS used, which may be consideied paialhl with tin tinning tool 
fig 430 Ihe relief should be slight, and the suiiaccs oi tho 
teeth then assimilate to the condition of the gia\er for coppex 
plates (see page 532), and theicby diiect the tap m a vtiy 
supeiior manner 

The teeth sloped in front, as m figs 546, would ccitainl} cut 
moie keenly than those of 545, hut they would be imuh mon 
exposed to accident, as the least baokwaid motion ox •\iol(u<c 
would be liable to snip off the keen points of the tc(th lud 
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tlierefore, on tlie score of general economy and usefulness the 
ladial and slightly relieved teeth of fig 545, or rather of 542, 
aie proper for working taps 

It appears fuither to be quite impolitic, entirely to expunge 
the siiiface beaimg or squeeze fiom the taps and dies, when 
these are applied to the ductile metals as not only does it, 
when slight, gieatly assist in the more perfect guidance of the 
instrument but it also serves somewhat to condense oi compress 
the metal * 

The transverse sections hitheito leferred to, aie alwa}s used 
for those taps employed m screwing the inner surfaces of the 
nuts and holes requiied in general mechanism The longi-^ 
tvdinal section of the woiking tap, is taper and somewhat like a 
broach, the one end being small enough in external diameter 
to enter the blank hole to be screwed and the other end being 
as large as the screw for which the nut is intended 


Fig 547 
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In many cases a series of two, three, or four taps must be used 
instead of only one single conical tap, and the modifications 
m their construction aie explained by the above diagrams, 
namely, fig 547, the tap formeily used foi nuts and thorough 
faie holes and fig 548 the modern tap for the same piuposes, 
the dotted lines m each lepreseiit the bottoms of the thieads 

* Unless the taps cut very freely it is the general aim to avoid the necessity 
for tappini, cast iron which is a granular and crystalline substance upt to ciumble 
away in the tapping or in the after use I he genei \1 i emedy is the employment 
of bolts and nuts made of wrought iron oi fixing sciewod wrought non pins in the 
woik by means of transveise keys and other contiivances and sometimes by the 
instiiion of plugs of gun metal to be aftei wards tapped ovith the sciew thieads 
In gmoial ilso the hmall screws for east non are coarse and slullowm the thiead 
compared with those for wi ought ii on steel, and bnss 

q O % 
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In the former kind, the thread was fiequeiitly finished of a 
taper figure with the screw tool m the lathe, after winch cit ici 
the four or three plane surfaces were filed upon it, as shown by 
the section at s the neck from ftog was as small as the bottom 
of the thread, and the tang from g to h was eithci squau oi 
rectangular for the tap wrench The tang if squaie was also 
taper, the tap wrench then wedged fast upon the tap the foil ts 
of the tang if parallel were rectangular, and measmed as about 
one to two, and there were shoulders on two sides to sustain the 
wrench 

In the modern thoroughfare taps for nuts diawn to the 
same scale in fig 548 the thread is left cylindrical, fiomtho 
screw- tool or the dies then fiom ci to Z>, or about one diameter 
in length is turned down cylindrical until the thread is noaily 
obliterated , from d to also neaily one diameter m length 
at the other end, is lelt of the full size of the holt, and the 
intermediate pait, b to d eq^ual to three or four diameteis, is 
turned to a cone, aftei which the tap is fluted as seen at $ 
The neck/p as before is as small as the bottom of the thiead, 
and the sq^uare g fe, measaies diagonally the same as the turned 
neck 

In using the modern instrument fig 548, the hole to bo 
tapped IS bored out exactly to fit the cylindrical plug ci/ h, which 
therefore guides the tap very perfectly in the commencement, 
the tool IS simply passed once through the nut without any 
retrograde motion whatever and the cylindrical pait d jT, tak( s 
up the guidance when the laiger end of the cone eiitcis tlu 
hole, at the completion, the tap diops thiough, the head being 
smaller than the bottom of the thread The old four s(xuaio 
taps could not be thus used for as they rathei squeezed than 
cut, they had much more friction , it was necessaiy to inovo 
them backwards and forwaids and to make the square foi the 
wrench larger, to avoid the risk of twisting off the head of the 
tap In taps of modem construction of less than half au inch 
diameter, it is also needful to make the squares laiger than tlie 
proportiou emplo;yed in fig 548 

In tapping shallow holes as only a small portion of the end 
of the tap can he used, the screwed part seldom exceeds two 
diameters m length, and as they will not take hold when nunU 
too conical, a succession of three or four taps is geueially 
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ieq[uuecl The sciewed part of the iist may he considered to 
extend from a to 6 of fig 547, of the second, from c to of the 
thud fiom € to / so that the piior tap may, in each case, 
prepaie for the reception of the following one The taps are 
generally made in sets of three , the first, winch is also called the 
entering or taper tap, is in most cases regularly taper throughout 
its length, the second, or the m%dille tap is sometimes taper, 
but more geneially cyliiidiKal with just two or three threads at 
the end tapered off the third tap which is also c died thejplwg 
or Jimshing tsi-p) IS always cylindiical except at the two or thiee 
first threads, which are slightly reduced 


Taps are used in various ways according to the degree of 
stiengih reqmied to move them The smallest taps should 
have consideiahle length, and should be fixed exactly m the axis 
of stiaight handles the length serves as an index by which the 
tine position of the instrument can be veiified in the course of 
woik with the same view as to observation and as an expeditious 
mode, taps of a somewhat larger size are diiven round by a 
hand brace, whilst the woik is fixed in the vice Still larger 
taps lequLie tap wienches oi levers with cential holes to fit the 
squaie ends of the taps , for sciew taps fiom one to two inches 
diameter, the wrenches have assumed the lengths of from four 
to eight feet, although the recent improvements m the taps 
have reduced the lengths of the wrenches to one half 

Notwithstaiicliag that the hole to be tapped may have beeu 
dulled straight, the tap may by improper diiectioa proceed 
obliquely, the progress of the operation should he therefore 
watched, and unless the eye serve readily for detecting any 
falseness of position, a square should be laid upon the work, 
and its edge compared with the axis of the tap m two positions 
In tapping deeply seated holes, the taps are temporarily 
lengthened by sockets, frequently the same as those used, in 
dulling which are represented in fig 501, page 560, the tap 
wicnch can then surmount those parts of the woik ^liich would 
othciwise pi event its application 

Sometimes, foi tappiing two distant holes exactly m one line, 
the oidinaiy taper tap, fig 518 is made with the small eyliu- 
ducal pint & h exceedingly long, so as to leuoh fi^om the on^ 
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hole to the other and serve as ^ guide or director This is only 
ail extension of the short plug a b 548, which it is desirable 
to leave on most taps used for thoroughfare holes 

Some works are tapped whilst they aie chucked on the lathe 
mandrel in this case the shank of the tap, if in false position 
will swing round in a ciicle whilst the mandrel revokes, instead 
of continuing quietly in the axis of the lathe Sometimes the 
center point of the popit head is placed m the center hole in the 
head of the tap in those which are fixed in handles it is better 
the handle of the tap should be dulled up to receive the cylinder 
of the popit head as in the 1 itlie taps for making chucks this 
letnns the guidance more easily 


Taps of hige size, as well as the generality of cutting instiu 
ments have been constiucted with detached cutteis For those 
exceeding about Ij inch diameter, Mr Richaid Jones rccom 
mends two steel plugs a a, to be inserted within tapei holes in 
the body of the tap, as repiesented in fig 549, and m the two 
sections b and c , the whole is then screwed and haidened 
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The advance of the cutters slightly beyond the geneial line 
of the thread, is caused by placing a piece of paiiei within the 
moitises a a, and to lelieve the surface fiiction, each alternate 
tooth in the middle pait of the length of the tap is filed awa} 
Sometimes the cutteis are parallel, and inserted only partway 
through and aie then projected by set screws placed also on 
the diameter as in the section c ^ 

The cutter bar, fig 515 p 569, may also he viewed as a tap 
with detached cutters 1 he cyliudiical bai is suppoitcd in tem- 
porary fixed healings, one of which embraces the tluead (some 
• trmes by having melted lead pouied aioiind the same), the bar 
moves therefoie in the path of a screw In cutting the external 


See Trana Soc? of Alia, 18 ^9, vol xlvii p 185 
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thiead, tlie cuttei repiesented is sliifted mwards witli tliepro 
gross of tlie work , or t straight cutter shifted outwaids, serves 
for inalang an internal screw pointed instead of serrated 
cntteis may be also used, they aie frequently adjusted by a set 
sciew instead of the hammer, and aie woiked by a wrench 
'Ihis sciew cuttei bar, independently of its use for large 
awlvwni d woiks, is also employed for cutting, m their lespective 
situations screws lecjuiied to be e'^actly m a line with holes oi 
fixed healings, as the nuts of slides, piesses, and sii ular woiLs 


Some taps or cutters are made cylindrical, and are used for 
cutting narrow pieces and edges, such as screw cutting dies 
screw tools and worm wheels theiefoie it is necessaiy to leave 
much moie of the circle standing, and to make the notches 
naiiowei than the width of the smallest pieces to be cut But 
the grooves should still possess ladnl sides and when these aie 
connected by a cuned line, as m fig 550, theie is less risk of 
accident in the Inidemng The number of the notches increases 
with the diametei, hut the annexed hgnie would be better pio 
poitioned if it had one oi two less notches, as inulveitently the 
teeth h we been cli iwn too we \k 
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When the tool, igs 550 and 551, is used for cutting the dies of 
die stocks it is called an origxnaltaj^ of which further particulars 
will be given m the succeeding section , the tool is then fixed in 
the vice, and the die stock is handed round, as in cutting an 
ordinary screw When 551 is used for cutting up sciew tools 
or the chasing tools for the use of the turning lathe, (figs 401 
and 405 page 519 ) the cuttei is then cillcd i liohy or a ham-- 
tool cutter, and its di inietci is usually giealti , it is now mounted 
to revolve m the lathe, and the sciew tool to be cut, is laid on 
tlxcicbt IS in the process of tuin ng, and is pressed forcibly 
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against the cutter* Fig 551 is also used as a worm nheel 
cutter that is for cutting or for finishing the hollow sciew foim 
teeth, of those wheels which are moved by a tangent sciew as 
in the dividing engine for circular lines and many other cases in 
ordinaiy mechanism The worm wheel cutter is frequeiitlj set to 
levolve in the lathe, and the wheel is mounted on a tempoiary 
axis so as to admit of its being earned round horizontilly by the 
cutter , sometimes the wheel and cutter are connected by gear 1 

Attention has been hitheito exclusively directed to the forms 
of the taps used foi metal but those for wood are veiy similar 
the tap fig 342, p 584, with three oi four flutes, being the most 
common those of largest size are cast in iron, and requne only 
a little filing up to shaipen the teeth 

Different taps with loose teeth, have been adopted for wood 
screws of model ately large si/e, say exceeding 1} or 3 inches 
diameter In the one case, shown in fig 553, an ordinary wood 
screw t IS first made, and at the bottom of the angulai thiead, 
a nairow parallel groove is cut in the lathe with a parting tool 
the screw is then turned down to the size of the hole to be 
tapped, leaving it as a plain cjlmder with the square helical 
groove represented in the piece t 

Dhe next process is to insert a pointed cutter o, in a diame 
tiical moitise and when the wooden tap is in use, it is guided 
by the block g which is boied to fit, and has two non plates 
p which enter the groove The guide g is fixed to the woik w, 
which IS to be tapped, the bai glides foiwaid in vntiie of 

In cutting up the inside screw tool fig 404 in which the slope and the cm va 
ture of the teeth should he rcveohcd an inteinal screw ciittei has been icconi 
mended it is made like a screwed nut notched longitudinally on its inner sm f ico 

Another method is proposed the insido sciew tool is laid in a laten.1 groove m 
a cylindrical piece of non and the tool ind cylindei ire cut up with the die stocks as 
a common screw by which mode the insido scicw tool obviously becomes the exact 
counterpart of the hollow thiead of that particuUr diimotei bee 1 ochnological 
Hepositoiy 1821, vol vi p 292 dho uyht hand inside soicw tool is sometimes 
cut over a solid left hand hoh^ which is a more simple way of reversing the angle 

The contact of the ordinary tangent screw with the worm whet. 1 resombles 
that of the tangent to the circle whence the name but Hmdloy of Yoik made 
the sciew of his dividing cnc^ine to touch 15 threads of the wheel peifcctly by 
giving the sciew a curved section derived from the edge of tho wheel md smalh st 
in the middle See Smeaton s M%%dlancQm Papa s p 183 Iiof Wilha in hw 
Lhments of Mechamm 1841 p 163 — 5 expl lined tho mode of cutting such a 
t urgent screw but showed that its advmtagts aie moio appwent than real 
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the screw thread, and at each succeeding passage the cutter is 
advanced a small distance, until the woik is tapped of the full 
diametei , the hollow space between the guide g and the work 
w, allows the cutter to pass entirely thiougli the lattei, the 
spice being wider than the cutter 

Anothei structure is shown in the Manuel du Tourneur A 
hollow lion screw is made like fig 553, and a hole is dulled at 
the teimination of the thiead the extreme end of which is chain 
fered on the inner surface with a file, to make a keen angular 
edge of the shape of the thread , in its action the tool therefore 
somewhat assimilates to the plane, and the shavings escape 
through the center of the tube 



Ihis appears to be much less seiviceable than the contiivanoe 
fig 552, m which the helical guidance is perfect at the com 
niencement and continues so until the end notwithstanding the 
giadual formation of the thread which may be cut at several 
repetitions instead of in one single cut, or m two cuts when two 
teeth aie on opposite sides of the tube, fig 553 Ihe arrange 
inent of fig 552 may be considered as quite analogous to that 
of the screw cutter bar (fig 515 page 569,) whereas the hollow 
tap fig 553, IS just the converse of the sciew box described at 
the beginning of the following section 

SECT IV — ON OUTTINO EXTERNAL SCREWS, WITH SCREW DIES, ETC 
For the convenience of arrangement, this section will be com 
menetd with the description of the instiument which is commonly 
employed for mal mg long screws in the soft woods, namely, the 
sciew box, of which fig 551 is the section, fig 555 the plan of 
the piuKipil piece thiough the line a and fig 55b the cutter, 
shown the full size for a two inch sciew 
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The screw box consists of two pieces of wood, accurately 
attached by two steady pms and two sciews so as to admit of 
sepal ation and exact replacement, the ends of the thickei 
piece aie fiequently formed into handles, by which the iiistiu 
ment is woihed A perfoi ation is made through the two pieces 
of wood the hole in the thinnei piece is cjliiidiical and 
exactly agrees with the external diametei of the sciew, or of 
the piepared cylinder, and the hole m the thickei piece is 
sciewed with the same tap that is to be used foi the internal 
screws or nuts, and which is shown in thiee views in fig 657 
The cuttei or V, has a thin cutting edge sloped externally to 
the angle of the thiead usually about 00 clegiees, and thinned 
iiiteinally by a notch made with a tiiingulai file the cuttei is 
ml lid in the thicker piece of wood, and fastened by a hook foiiii 
sciew bolt and nut 

In placing the cutter, four different conditions require stiict 
attention Its angulai iidge should he as a tangent to the iiiiici 
ciicle its edge should be shiipened on the dotted line h, or at 
an angle of about 100 clegiees with the back , its point should 
exactly inteisect the ridge of the thicad in the box and it 
should he precisely at the lake oi angle of the thiead, loi which 
puipose it is inlaid deeper at its blunt extienuty 


Figs 561 



The piece of wood for the screw is turned cylindiical and a 
little pointed, it is then twisted into the sciew box, the cntici 
makes a notch winch catches upon the iidge of the wooden 
woiin immediately behind the cuttei, and this caiiics the work 
loiwud, exactly at the latc of the thread The whole of the 
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mateiial is lemovecl atone cut and the shavings make then 
escape at the apertuie oi mouth m 

In cutting the smallest sciews, with this well contiived and 
effectue instillment, the screw box is held in the left hand and 
the woik IS screwed in with the right , or the box is applied 
whilst the woik remains upon the mandiel of the lathe When 
the thiead is required to be continued close up to a shoulder, 
the screw is cut up as fai as the entiie instrument will allow 
the screw box is then iemo\ed, m oidei that the loose piece 
may be taken oft fiom it, after which the screw is completed 
without impediment 

Sciews of half an inch diameter and upwards, aie generally 
fixed m the vice, whilst the screw box is handed round just like 
the diestock For large sciews exceeding two oi three inches 
diameter, two of the V s or cutters aie placed in the box, so as 
to divide the work, thereby lessening the risk of breaking the 
delicxte edge of the cuttei, the exact iiosition of which is a 
mattei of gieat nicety ilie screw box has been occasionally 
used foi wooden screws of 4, 6, and 8 inches diameter, and 
upwards and such large screws have been also made by hand 
with the saw, chisel mallet and oidinary tools , but these large 
sciews aie now almost entirely superseded by those of metal, 
which, for most purposes, aie greatly superior in every ]iointof 
view 


In cutting the metal screw, oi the bolt, the tools are required 
to be the converse of the tap, as they must ha\e internal instead 
of external threads, but the radial notches are essential alike in 
each For small works, the intern xl threads are made of fixed 
sizes and in thin plates of steel, such are called screw plates 
for larger works, the internal threads are cut upon the edges of 
two or three detached pieces of steel, called dies, these are fitted 
into grooves within diestocks and various other contrivances 
which admit of the approach of the screwed dies, so that they 
may be applied to the decreasing diameter of the screw, 
from its commencement to the completion 

ihe thickness of the screw plate is in general fiom about 
two thuds to the full diameter of the screw, and mostly several 
holes aie made in the same plite, from two to six holes arc 
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intended for one thread and are accoidingly distinginslied into 
separate gioups by little maiks as in fig 558 TLhe seriating 
of the edges, is sometimes done by making two or three small 
holes and connecting them by the lateial cuts of a thin saw as 
in fig 559 The notches alone are sometimes made and when 
the holes are airanged as in fig 560 should the screw be broken 
short off by accident it may be cut in two with a thin saw and 
thus removed from the platf^ 

In making small screws the wire is fixed in the hand vice, 
tapered off with a file, and genei xlly filed to an obtuse point , 
then, aftei being moistened with oil, it is screwed into the one 
01 several holes m the screw plate which is held in the left 
hand At other times the work fixed in the lathe is turned or 
filed into foim and the plate is held in the right hand but the 
force then appilied is less easily appieciatcd The harp makers 
and some otlitis, attach a screw plate with a single hole to the 
sliding cylinder of the popit head See page 504 



The sciew plate is sometimes used for common screws as large 
as fiom half to three qu liters of an inchdiametei , such screws 
iue fixed in the tail vice, and the screw plate is made fioin about 
15 to 40 inches long, and with two handles, the holes aie 
then made of diffeient diameters, by means of a taper tap, so 
as to form the thread by two, three, oi more successive cuts, and 
the screw should be entered fiom the laige side of the taper 
hole It IS, however, very advisable to use the diestocks, iii 
preference to the sciew plates for all screws exceeding about 
one sixteenth of an inch diameter, although the unvarying 
diameter of the sciew plite has the advantage of regulating the 
equal size of a number of screws, and as such is occasionally 
used to follow the diestocks, by way of a gage for si/e 

1 he diestock, in common with other general tools, has received 
a great many modifications that it would be useless to trace ni 
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greater detail, than so far as respects the varieties in common 
use or those vvhich mtioduce any peculiaut^ of action in the 
cutting edges A notion of the eailj contiivances for cutting 
metal screws will he gathered from the figures Shi to 564 which 
aie copied half size fiom Leupold^s Ihentrum Machinarum 
Generale 17^4 For instance fig 561 is the sciew plate 
divided 111 two, and jointed togethei like a common rule the 
inner edges are cut with thieads, the larger of which is 
judiciously placed near the joint that it may he more foicibly 
compressed there is a guide, a, a, to prevent the lateial dis 
placement of the edges, which would he fatal to the action 
Similar instruments are still used, hut moie generally for screws 
made in the turning lathe 



In one of these tools, the frame or stock is made exactlj like 
a pair of flat pliers, but with loose dies cut for either one or two 
sizes of threads Plier diestocks are also made in the form of 
common nut crackers, or m fact, much like fig 56 1, if we consider 
it to have handles proceeding from a a, to extend the tool to 
about two or three times its length the guide co a is retained, 
and removable dies are added, instead of the thieads being cut 
in the sides of the instrument Sciewmg tools are also made 
of one piece of steel, and to spring open, something like fig 134, 
page 28^, Vol I , but shorter and stronger the threads are cut 
on the sides or ends of the bosses, vvhich are flat externally, for 
the convenience of compiession in the tail vice 

In geiieial, however, the two dies are closed togethei m a 
straight line, instead of the arc of a ciicle one piimitive 
method, fig 564, exti acted fiom the woik lefeired to has been 
thus remodelled, the dies aie inserted in lectangular taper 


jyLoxon, Plumier, and otters descnbe sirailai tools, and also the sciow lox 
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holes in the ends of t^o long levers, which latter are cornected 
by two cylindnc'il pms, carefully fitted into holes made tlnougli 
the levers and the ends of the pins are seiewed and piovulcd 
with nuts which serve moie effectually to compress the dies 
than the squaie rings represented m fig 56-1 

The diestock in its most geneial form has a central rec tan gulu 
aperture, within which the dies are fitted so as to admit of 
compression by one central screw the kinds most m use being 

distinguished as the do«6Jac/ia.)n/<5rcddiestoc/c8 figs 5(i5and5f)0, 



and the single chamfei ed diestocl figs 568 and 5()‘) the handles 
of which are partly shown by dotted lines In the foimei, the 
apertuie is about as long as three of the dies, about one thud 
of the length of the chamfer is filed away at the one end, for the 
removal of the dies laterally, and one at a tune In the single 
chamfeied diestock 509, which is picfciabk foi huge threads, 
the aperture hut little exceeds the length of two dies and these 
aie removed by first taking off the side plate b <i, which is cithci 
attached by its chamfered edges as a slide, oi else by foiii sciews , 
these when loosened, allow the plate to be slid endways, and it 
will be then disengaged, as the screws will leave the gioovcs at 
Cl, and the screw heads will pass through the holes at h 

Sometimes dies of the section of fig 5b7 ire ipplicd altei the 
manner of 5G0, and occasionally the rcctmigulai apcituic of 
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fig 509 IS made paiallel on its inner edges and without the side 
plate h a, the dies are then retained by steel plates either ii\ eted 
or sciewed to the diestock, as lepiesented in fig 570, or else by 
two steel pms buiied half way in the sides of the stock, and the 
remaining half in the die as shown in fig 571 These vaintions 
aie of little moment as are ilso those concerning the general 
foim of the stock, foi instance, whether or not the handles 
proceed m the diiections shown (the one handle s, being occa 
sionally a continuation of the pressure sciew), oi whether the 
handles are placed as in the dotted position t In small die 
stocks, a short stud oi handle is occasionally attached at light 
angles to the extiemity, that the diestock may be moved like a 
winch handle and sometimes graduations are made upon the 
pressure screw, to denote the extent to Yi hich the dies are closed 
Ihese and other differences are matteis compaiatively unimpor 
tant, as the accuiate fitting of the dies, and their exact forms, 
should receive the principal attention 
In general only two dies are used, the inner surface oi each 
of which includes fiom the thud to nearly the hilf of a ciicle, 
and a notch is made at the cential pait of each die, so that the 
pair of dies present four arcs, and eight senes of cutting points 
or edges four of which operate when the dies are moved m the 
one direction, and the other foui when the motion is leveised , 
that lb when the cuives of the die and sciew aie alike 

Ihe formation of these parts has given use to much investiga 
tion and experiment, as the two pimcipal points aimed at req[uire 
directly opposite ciicumstances Foi instance, the nmrowev the 
edges of the dies, or the less of the circle they contain, the moie 
easily they penetiate, the more quickly they cut, and the less 
they compress the screw by suiface friction or squeezing, which 
last tends to elongate the screw beyond its assigned length But 
on the other hand the hroade? the edges of the dies, oi the more 
of the circle they contain, the more exactly do they retain the 
tiue helical form, and the general truth of the screw 

Ihe action of sciew cutting dies is rendered still moie difidcult, 
because in geneial, one pan of dies, the cui\atures and angles of 
which admit of no climige, are employed in the piodiiction oi a 
screw, the dimensions oi which duiing its giadual tiansit from 
the smooth cylmdei to the finished sciew, continually change 
lor instance, the thread oi a sciew ncccssaiily possesses two 
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magnitudes, namely the top and bottom of the groove, and also 
two angles at these lespective diamettis as lepiesentcd by the 
dotted lines in the diagrams hgs 572, 674 and 5/ 6 (which aie 
di awn with straight in stead of curved lines) The angles ai e ncai ly 
in the inverse pioportion of the diameters oi if the bottom wcic 
half the diametei of the top of the tin end the angle it the bottom 
would he nearly twice that at the top (ihe mode of calculating 
the angles is subjoined to figs 614 — 617 page 657 ) 

The figures show the t ips, master taps oi cutters, fiom 

which the dies, figs 573 57o and 577, are lespectively made , 
and m each of the three diagiams, the dies a aie supposed to be 
in the act of commencing and the dies h in finishing, a soicw of 
the same diameter throughout, as that m fig 572 


Figs 572 574 576 

Small Master Tap Medium Ma&tlr Tap Lvugl Masti r Tai 

Same diameter as So m 0 u deph lai ger than Sci ew Two depths lai get than St t m 



Of course the circumstances become the more peiplcxingllie 
greater the depth of the thiead wheieas m shallow thicads tin 
interference may he safely overlooLed As the dies cannot have 
both diameters of the screw it becomes needful to adoi)t that 
curvature which is least open to objection If, as in fig o 73, the 
curved edges of the dies a and b have the same radii as the 
finished screw, in the commencement, or at a, the die will only 
touch at the corners and the cuived edges being almost oi quite 
out of contact theie will be scarcely any guidance from which to 
get the lead, or first diiection of the helix, and the dies will be 
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likely to cut false screws, or else parallel grooves oi rings In 
addition to tins, the cui ved edges present at the commencement 
a greater angle than that proper foi the top of the screw, hut at 
the completion of the screw or at h the die and sciew will be 
exact counteiparts, and will be theiefore perfectly suitable to 
each other 

If, as in fig 577, the inner curvature of the dies a and h be 
the same as in the blank cylinder, a will exactly agree both in 
diameter and angle at the commencement of the screw, hut at 
the conclusion, or as at 6, each will be too gieat, and the die and 
screw will be far from counterparts, and therefore ill adapted to 
each other 

The most proper way of solving the difficulty in dies made in 
two parts, IS by having two pairs of dies, such as 677 and 573, 
and which is occasionally done in very deep threads, a mode that 
was first published by Mr Allan, see figs 635 and 536 page 682 
But it IS more usual to pursue a medium course and to make 
the original tap or cutter fig 574 used m cutting the dies not 
of the same diameter as the bolt, as in figs 572 and 57 3, not to 
exceed the diameter of the bolt by twice the depth of the thread 
as in figs 676 and 577 but with only one depth bejond the 
exact size, or half way between the extremes, as in figs 674 and 
575, in which latter it is seen the contact, although not quite 
perfect either at a or b, is sufficiently near at each for general 
practice 

Ihe obvious effect of diffcient diameters between the die and 
screw must be a falsity of contact between the sui faces and 
angles of the dies, thus, in 573 the whole ot the cutting falls 
upon e the external angles, until the completion of the screw in 
h when the action is rather compressing than cutting In fig 
577, the first act is that of compressing, and all the work is soon 
thrown on t, the internal angles of the die, which become 


* Sometimes the dies cut a fine single thread screw of one half or one third 
the coarseness of that of the dies at other times a fine double or triple screw 
of the same rake or velocity as the dies and occasionally the dies cut concentric 
rings These accidental results are mainly to be attributed to the diestocks being 
closed upon the screw holt ohliquely instead of at right angles the edges of the 
dies do not then approach m the required relationship and the two dies each cut 
a distinct thread instead of one thread in common In the act of placing the 
dies the stock should be slightly wriggled or moved vertically to allow the 
dies to select their true position on the bolt to be cut 

R R 
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gradually more penetrative, but eventually too much so, being 
m all respects the levcxse of the foiiiier In the medium and 

most common example fig ^ 

external angles c, it graduallj dies awij and it is duiing the 
brief tiansition of the cut fiom the external to the intcinal angles 
that IS, when the screw is exactly half formed, that the com 
pression pimcipally occurs 

The compression or squeezing is apt to enlarge the diameter 
of the screw (literallj by swaging up the metal,) and also to 
elongate it beyond its assigned length, and that unequally at 
different parts Sometimes the compression of the dies m ikes 
the screw so much coarser than its intended pitch, that the screw 
refuses to pass through a deep hole cut with the appiopiiatt tap 
not only may the total increase m length be occasionally clctccti d 
by a common rule hut the differences between twenty oi 
thirty threads, measured at various paits with fine pointed 
compasses, are often plainly visible 

Other and vastly superior modes for the formation of long 
screws, or those requiring any verj exact number of threads 
in each inch oi foot of their length will he shortly explained 
Yet notwithstanding the mteifeiences which deprive the die 
stocks of the refined perfection of these othei methods, thej aio 
a most invaluable and proper instrument foi their intended use , 
and the disagreement of curvature and angle is more oi hsH 
remedied in practice by reducing tlie cuculai pait of the dies 
in various ways and also in some instances, by the paitial st pa 
ration of the guiding from the cutting action 

The most usual form of dies is shown in fig '578 hut if e\ oiy 
measure be taken at the mean as m fig 579 the tool posse ss< h 
a fail, average, seiviceahlc qualify , that is, the dies should he 
cut over an oiigmal tap of medium dimensions iiamelj, one 
depth larger than the screw such as fig 571, the curved sui face 
should be halved, making the spaces and cut ves as nearly equal 
as may he, and the edges should he radial Fig 580, lie ally 
trausciihed from Leupolds figure, 562, has been also used, but 
it appears as if too much of the curve were then removed 

Sometimes the one die is only used for guiding and the other 
only for cutting thus a, fig 581, is cut over two difleient 
diameters of master taps, which gives it an elliptical foim A 
laige mastei tip, fi.g 576, is first used foi cutting the pan of 
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dies, this leaves the large parts of the curve in a the dies are 
subsequently cut over a small master tap, 572 


Figs 578 579 580 581 582 
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In beginning the screw, the die a serves as abed with guiding 
edges these indent without cutting and also agree at the first 
start with the full diameter of the bolt with the gradual reduc 
tion of the bolt it sinks down to the bottom of a which con 
tmually presents an angular ridge, neaily agreeing m diameter, 
and therefore in angle with the nascent screw Ihe mconveni 
ences of the dies fig 581 are that they require a large and a 
small master tap for the foimation of every different sized pair ot 
dies, and which latter ai e rathei troublesome to rcpan The dies 
also present more fiiction than most others, appnently from 
the screw becoming wedged within the angular sides of the die a 
In fig 582 a construction advocated by Sir John Robison, 
the dies are first cut over a sm ill master tajr, fig 573 the threads 
are then partially filed or turned out of 5, to fit the blank cylinder 
which therefoic rests at the commcnc ement upon blunt tiiangu 
lai, curved surfaces, instead of upon keen edges , and as the 
sciewis cut up, its thread gradually descends into the poitions 
of the thread m b which are not obliterated About one thud 
of the tluead is turned out from each side of the cutting die a, 
leaving only two or three threads in the center, as shown in tin 
last view , and the suiface of this die is left flat, that it may be 
ground up afresh when blunted and which is also done with 
other dies having plane surfaces * 

Mi Peter Ken and Mi William Jones have each proposed 
to assist the action of dies for large screws, by means ofcutteis, 
their xolins will be sufficiently explained by the diagrams, figs 
583 and 584. Mi Iveii applied this mode to kige sciews of 
square threads for gun carnages the dies were cut vciy shallow, 

^ lect P-xper^ of the Society of Arts foi Scothnfl, vol i p 41 
R R 2 
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say one third of the full depth, and they were serrated on their 
inner faces to act like saws or files The dies weie used to cut 
up the commencement of the thread, hut when it filled the shal 
low dies, their future office was not to cut but onl}’' to guide the 
ascent and descent of the stocks by the smooth surfaces of the 
dies rubbing upon the top of the square thread The remaining 

portion of the screw was afterwards ploughed out by a cutter 
like a turning tool, the cutter being inserted in a hole in the one 
die, and advanced by a set screw, somewhat after the manner 
represented in the figures 583 and 584 * 

Mr JonesemployedasimilarmethodforawpitJur thread screws, 

and the cutter was placed within a small frame fixed to the one 
die The screw holt was commenced with the pair of dies which 
were closed by the set screw a 583, the cutter being then out of 
action When the cutter was set to work by its adjusting 
screw b, it was advanced a little beyond the face of the die, and 
not afterwards moved , but the advance of u, closed the dies upon 
the decreasing diameter of the screw, the cutter always continu 
ing prominent and doing the principal share of the work t 


Figs 683 586 687 



Fig 585 IS the plan, and 586 the side elevation, of an old 
although imperfect expedient for producing a left handed screw 
from a right handed tap It will be remembered the light and 
left hand screws only differ in the direction of the angle, the 
thread of the one coils to the right of the other to the left hand, 
and on comparing a corresponding tap and die, the inclinations 
of the external curve of the one, and the internal curve of the 


* Teclmioal Eepos vol Tin pages 182 and 193 
t Trans Soc of Arts, 1829, vol slvu, p 136 
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other, necessarily differ in like manner as to direction The 
mode employed therefore is to carry a right hand tap arouyid 
the sciew to be cut the temporaiy screw cutter possesses the 
same interval or thiead as before but the cutting angles of the 
tap, having the reverse direction of those of the die the screw 
becomes left handed 

The one die in 585 and 586 is merely a blank piece of brass 
or iron without any grooves the other is a brass die in which 
the tap IS fixed as may be expected the thread produced is not 
very perfect, but in the absence of better means, this mode is 
available as the germ for the production of a set of left-hand 
taps and dies Figs 587 and 588 represent a different mode of 
originating a left handed screw proposed by Mr Walsh the 
tool IS to be a small piece of a right handed screw which is 
hardened and mounted in a frame like an ordinary milling or 
nurhng tool and intended to act by pressure alone the diameter 
of the tool and cylinder should be alike ^ 

The sciew stock first patented by the Messrs Whitworth of 
Manchester, is represented in fig 689 three narrow dies were 
fitted in three equidistant radial grooves in the stock, the ends 
of the dies came in contact with an exterior ring, having on its 
inner edge three spiral curves, (equivalent to thiee inclined 
planes,) and on its outer surface a series of teeth into which 
worked a tangent screw so that on turning the ring by the 
screw the three dies were simultaneously and equally advanced 
towards the center 

These screw stocks were found to cut veiy rapidly, as every 
circumstance was favourable to that action For instance, on 
the piinciple of the triangular bearing all the three dies were 
constantly at work , the original tap being slightly tapei, every 
thread m the length of the die was performing its part of the 
work, the same as in a taper tap every thread of which removes 
its shaving, or share of the material, and the dies weie narrow, 
with radial edges, which admit of being easily shaipened 
This diestock ha s been abandoned by the Messrs Whitworth 

See Tians Soc of Arts vol xlm p 127 , this scheme is referred to hkewise 
m the footnote on page 681 of this volume 

Some methods of making the same taps and dies serve for cutting either right 
or left hand screws will be found in Trans Soc of Arts vol xli p 116 Manuel 
du lourneur vol i plate 23 and Mechanics Magazine 1836 vol xxv p 376 
These contrivances appear however, to possess little oi no value 
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in favour of their sciew stock subsequently patented, which is 
represented in fig 590 The one die embraces about one third 
of the circle, the two otheis much less the latter are fitted into 
grooves ^yvhich are not radial, but lead into a point situated near 
the circumfeience of the screw bolt the edges of the dies are 
slightly hooked or ground respectively within the radius and 
they are simultaneously advanced by the double wedge and nut 
the dies are cut ovei a laige oiiginal, such as fig 576, that is, 
two depths larger than the screw Ihe large die serves to line 
out or commence the screw and the two otheis act alternately 
the one whilst the stock descends down the bolt, the othci 
during its ascent 



The last screw stock that will be heie noticed is Mr G- Bod 
mei s of Manchester, for which he also has obtained a patent 
It is seen that the one die embraces about one third the screw, 
the other is very narrow the peculiarity of this construction is 
that a circulai recess is first turned out of the sciew stock and a 
parallel groove is made into the same the one handle of the stock 
(which IS shaded ) nearly fills this recess and receives the small 
die If the handle were fitted mathematically true it is cleai it 
would be immovable but the stiaight part of the handle is nar 
rower than the width of the groove when the stock is turned 
round, say m the direction from 2 to 1, the first process xs to 
rotate the handle in the circle, and to bring it in hard contact 
with the side 1, this slightly rotates the die also, and the one 
corner becomes somewhat more prominent than the other When 
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the motion of the stock is reveised the handle leaves the side 
1, of the gioove and strikes ag iinst the other side 2 and then 
the opposite angle of the die becomes the moie prominent and 
that without any thought or adjustment on the part of the 
woikman as the play of the handle in the gioove 1, 2 is exactly 
proportioned to cause the recjuiied angulai change in the die 
The cutting edges of the die act exactly like turning tools, 
and therefore they may very safely be bevelled or hooked as 
such as when they are not cuttmg, they aie removed a little 
way out of contact, and therefoie out of danger of being 
snipped off, or of being blunted by hard fiiction 1 he opposite 

die affords during the time an efi&cient guidance for the screw, 
and the broad die is advanced in the usuil manner, by the 
pressure screw made in continuation of the second handle of 
the diestock , the dies are kept in their places by a side plate, 
which IS fitted in a chamfered groove in the ordinary manner 


There IS less variety of method in cutting external screws with 
the diestocks, than internal screws with taps, but it is desirable 
in both cases, to remove the rough surf ice the work acquires 
in the foundry oi forge, in order to economise the tools and 
the best works are eithei bored oi turned cj lindiically to the 
true diameters corresponding with the screwing tools 

The bolt to be screwed is mostly fixed in the tail vice vei 
tically but sometimes hoiuontally, the dies are made to ipply 
faiily, (see foot note page GOl ) and a little oil is applud prior 
to starting As a moie expeditious method suitable to small 
screws, the work is caused to revolve in a lathe, whilst the 
die stock IS held in the hand , and larger screws are sometimes 
marked or lined out whilst fixed in the vice, the principal part 
of the material is then removed with the chasing tool oi hand 
screw tool, fig 405, p 519, and the screw is concluded in the 
diestocks In cutting up large screw bolts, two individuals arc 
required to work the screw stocks, and they walk round the 
standing vice or screwing clamp, which is fixed to a pedestal in 
the middle of the workshop 

For screwing large numbers of bolts, the engineer employs 
the holt screwingmachine,^hichis a combination of the ordinary 
taps and dies, with a mandrel, driven by steam power In the 
machine mvented by Mr Fox. the mandrel revolves, traverses. 
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and carries the bolt, whilst the dies are fixed opposite to the 
mandrel, or else the mandrel carries the tap, and the nut to be 
SCI e wed is grasped opposite to it In the machine inyented by- 
Mr Eoberts the mandiel does not traverse, it carries the bolt, 
and the dies are mounted on a slide , or else the mandrel carries 
the nut, and the tap is fixed on the slide The tap or die gives 
the tiaverse in every case, and the engine and strap supply the 
muscle , of course the means for changing the direction of 
motion and closing the dies, as in the hand process, are also 
essential * 

Ml Eoberts^ screwmg table is a useful modification of the bolt 
machine, intended to be used for small bolts, and to be worked 
by hand The mandrel is replaced by a long spindle running, 
loosely in two bearings, the one end of the spindle teiminates 
in a small wheel with a winch handle, the other in a pair of jaws 
closed by a screw, in other respects like fig 85, p SOI vol I 
The jaws embrace the head of the bolt, which is presented 
opposite to dies that are fixed m a vertical frame or stock, and 
closed by a loaded lever to one fixed distance In tapping the 
nut, it IS fixed in the place before occupied by the dies and the 
spindle then used, is bored up to receive the shank of the tap, 
which IS fixed by a side screw This machine ensures the rect 
angular position of the several parts, and the power is applied 
by the direct rotation of a hand wheel 


It will be gathered from the foiegoing remarks, that the die 
stock IS an instrument of most extensive use and it would 
indeed almost appear as if every available construction had been 
tiled with a general tendencj to foster the cutting and to 
expunge the surface fiiction or rubbing action by the excess 
of which lattei the labour of woik is greatly incieased, and 
risk IS incurred of sti etching the thread 


* See Buchanan s Mill Work by Rennie 1841 Plates 38 to 38 c 
In Wrights Patent Machine for making wood screws for joinery work the 
traverse of the mandrel is assisted by a screw guide of the same degree of coarse 
ness as the fixed dies and the blanks are advanced to the latter through the hollow 
mandrel, at the end of which they are retained by nippers, until the machine has 
screwed the former and supplies a new blank In a former machine the traversing 
mandrel and a ftxed turning tool were used the thread is cut from base to point 
whilst the screw is suppoited in a back stay For other modifications see 
Lardner s Cyclopedia Manufactures in metal vol i pp 201 — 9 
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In the patent diestocks the cutting is so much facilitated 
that the labour is reduced perhaps to less than the hxlf of 
thatrequiied with the old fashioned and nearly semiciicular dies, 
fig 578 , but when the guidance is too far sacrificed, the greedy 
action of the dies is a somce of mischief For instance the in 
strument,fig 589, with three dies moving simultaneously, has 
been superseded because of its risk of cutting inegular or 
di unken bcrews for if fiom the dies being improperly placed, 
the thread does not exactly meet, or lead into itself m the first 
revolution of the dies, but finds its way in with a break in the 
curve, this bieak continues unto the end , as the tliiee points of 
heanng so to speak, being narrow, they may pursue the irregular 
line, thus giving to the diestock a rolling oi ‘‘ wabbling ^ motion 
instead of a steady quiet descent This fault is also liable to occur 
in every diestock, in which there is any risk of the blank C} linder 
not being placed truly axial, from the dies touching only by 
points or narrow edges, instead of against a fair propoition of 
the curve , but when the dies are moderately broad, there is 
more chance of the defect being afterwards corrected 

Subsequently to the introduction, by Messrs Whitworth, of 
their sciew stock, shown in fig 589, they invented a diestock 
with four dies the one side of each of which was ladial The 
dies acted two at a time just like turning tools, they were quite 
free from rubbing and weie simultaneously advanced by two 
wedges yoked together by a cross piece, and moved by one screw 
1 his ingenious plan was not however regularly adopted, on 
account of the deficiency of the guiding power, as the screw was 
supported between four series of points but it gave rise to the 
mode explained in fig 590, in which the broad guide is judi 
ciously introduced 

It IS di&cult, however, to decide fairly and impartially upon 
the respective merits of diestocks, many of which approach very 
neaily to one another , as whether the facility of cutting, or the 
truth of the screw or any othei point be made the standard of 
comparison, it is a judgment which must necessarily be given 
ratherby opinion than by measure , and the conditions which aie 
aimed at in all sciew stocks, aiein strictness unattainable m anj 
owing to the vaiying dimensions of the object to be pioduced 

From many reasons, it appears needless to strain the applica 
tion of the diestock to the production of long screws, which 
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require either a very precise total length or a very piecise equa 
lity m their several parts The main inconvenience results fiom 
unavoidably mixing the guiding and cutting in the same pait of 
the one instiument, an instiument which acts by pioducnig a 
senes of copies, of the few thieads in the dies, and which copies 
become collectively the long sciew This mode of pioceedmg 
IS equally as impolitic as setting out a line of '“lO or 100 inches 
long with a little rule measuiing only one or two inches 

Neithercan it he desirable to cut long and consequently slendci 
screws, by an msti ament used as a double ended level, in the 
application of which the screw suppoited geneially at the one 
end in the vice is veiy liable to be bent , as any small distuibing 
force at the end of the stock is multiple d in the same piopoition 
as the diffeience between the ladii of the woik and mstiument 
The liability to bend the sciew is leduced to the minimum, m 
Mr Allan’s simple apparatus, (jp 5B2 ) tor cutting the screws 
for dividing engines and othei supeiior woiks but which mode 
IS not adapted to ordinary screwo the machines foi screwing 
holts entail also little risk of bending the screw 

On the whole it appeals questionable whether for short screws, 
which are the legitimate works of the diestock, some of the 
hettei forms of the two part dies are not as good as any , 
and on the other hand it appeals quite ceitaiii that for those 
screws in which particular accuracy is of real impoitance, that 
the screw cutting engine or turning lathe is beyond compaiison 
more proper This valuable engine will be soon refeiied to and 
in it the distinct processes of guiding and of cutting are com 
pletely detached and each may independently receive the most 
favouiable conditions , wheieas m all the modifications of the 
sciew stock they are more or les intimately commingled, and 
are to a certain degree antagonists 

The screw cutting lathe has also the advantage that one good 
screw having been obtained as a guide its relative degree of 
perfection is directly imparted to the woik, and it may be em 
ployed for cutting very coarse or very fine screws, or m fact any 
of the vaiious kinds referred to in the preliminary description * 


* Some remarks will be offeied m the last section, on the propoitions and 
forms of screws of a variety of kinds 
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SECT V — ON SCREWS CUT BY HAND IN THE COMMON LATHI 

Great numbers of sciewsaie required m woil s of wood ivoiy 
and naetTl that cannot be cut with the taps and dies or the other 
apparatus hitherto considered Tins aiises fiom the natuie 
of the materials the weakness of tne forms of the objects, and 
the accidental proportions of the sciews many of which are com 
paratively of very large diameter and inconsiderible length 
These and other circumstances, conspire to prevent the use of 
the diestocks for objects such as the screws of telescopes and 
other slender tubes, those on the edges of disks, imgs, boxes, 
and veiy many similar works 

Sciews of this litter class aie frequentl}?' cut in the lathe with 
the oidmary sciew tool and by dexterity of hand alone there 
IS little to be said in explanation of the apparatus and tools, 
which then consist solely of the lathe with an ordinary mandi el 
incapable of traversing endways and the screw tools or the 
chasing tools figs 404 and 405, page 519 with the addition of 
the aim lest, the details of the manipulation will be found m 
the practical section 

Ihe screw tool held at rest would make a series of rings 
because at the end of the first revolution of the object the points 
A B C of the tool would fill exactly into the sciatches ABC 
commenced respectively by them But if in its fiist i evolution, 
the tool IS shifted exactly the space between two of its teeth, at 
the end of the revolution, the point B of the tool, diopsinto the 
groove made by the point A, and so with all the others, and a 
true screw IS formed, or a continuous helical line, which appears 
in steady lateral motion during the revolution of the screw in 
the lathe 

It IS likely the tool will fail emctly to drop into the groove, 
but it the difference be inconsiderable, a tolerably good screw is 
neveitheless formed , as the tool being moved forward as equally 
as the hand will allow, corrects most of the error But if the 
difference be great, the tool finds its way into the groove with 
an abrupt bieak m the curve , and duiing the revolution of the 
screw as it pi ogresses it also appears to roll about sideways, 
instead of being quiescent, and is said by woikman to be 
‘‘ drunk this eiior is frequently beyond coirection 

It sometimes happens that the tool is moved too rapidly, and 
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that the point C diops into the groove commenced by A in this 
case the coarseness of the gioove is the same as that of the tool, 
but the inclination is double that intended and the screw has a 
double thread, or two distinct helices instead of one the tool 
may pass over three or four intervals and make a tieble or 
quadruple thread, but these are the results of design and skill, 
lather than of accident 

On the othei hand, from being moved too slowly the point B 
of the tool may fail to proceed so far as the gi oove made by A, 
but fall midway between A and B , m this case the screw has 
half the rise or inclination intended and the grooves are as fine 
again as the tool other accidental lesults may also occur which 
it IS unnecessaiy to notice 

The assemblage of points in the screw tools proper for the 
hard woods, ivory and metals, lender the striking of screws in 
these materials comparatively certain md excellent, that is as 
regards those individuals who devote sufficient pains to the acqui 
sition of the manipulation , but the soft woods require tools with 
veiykeen edges of 20 to 30 degrees, and for these materials the 
screw tool is made with only a single point as represented in figs 
377 and 378, page 516 With such a tool no skill will suffice 
to cut a good useful screw by hand alone, as the guiding and 
correctional power of the many points no longer exists , and in 
consequence those screws in soft wood which are cut m the lathe 
requiie the guidance to be given mechanically in the manner 
explained in the following section * 

SECT VI ON CUTTING SCREWS IN LATHES WITH TRAVERSING 

MANDRELS 

One of the oldest, most simple, and general apparatus for 
cutting short sciews in the lathe by means of a mechanical 
guidance, is the screw mandrel or traversing mandrel which 

* The twisted moulds for upholsterers fringes arefrequently screwed by hand 
a thin gouge or a caipenters fluted hit of the width of the groove is ground very 
obliquely from the lower side so as to leave two long edges or fangs projecting and 
the tool IS sharpened from within An oblique notch is made by hand at the end 
of the mould as a commencement and the tool wedging into the groove is guided 
along the rest at the same angle as the notch whilst the lathe revolves slowly 
and completes the twist at one cut To make the second groove parallel with 
the first the finger is placed beside the gouge and within the first twist and so 
on with the others The process is very pleasing from its rapidity and simplicity 
and IS also sufficiently accurate for the end proposed 
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appears to have been known, almost as soon as the iron mandrel 
itself was introduced 

Fig 592 IS copied fiom an old Fiench mandrel mounted m a 
wooden frame and with tin collais cast in two paits, the upper 
halves of the collars aie removed to show the cylindrical necks of 
the mandrel, upon the shaft of which are cut several short screws 
In ordinal y turning the retaining key ft which is shown detached 
in the view ft, prevents the mandrel from traversing, as its 
angular and circular ridge enters the groove in the mandrel, 
but although not represented, each thread on the mandrel is 



provided with a similar key, except that their eicular arcs are 
screw form instead of angular In screw cutting, ft is depressed 
to leave the mandrel at libertj the mandrel is advanced slightly 
forward, and one of the screw keys is elevated by its wedge until 
it becomes engaged with its corresponding guide screw, and now 
as the mandrel revolves it also advances or retires in the exact 
path of the screw selected 

The modern screw mandrel lathe has a cast iron frame, and 
hardened steel collars which are not divided , the guide screws 
are fitted as rings to the extreme end of the hardened steel 
mandrel and they work in a plate of brass, which has six scollops, 
or semicircular screws upon its edge When this mandrel is 
used for plain turning, its traverse is prevented by a cap which 
extends over the portion of the mandrel protruding through the 
collars * 

* For further details of the construction of the old screw mandrel lathes the 
reader is referred to Moxon, Plunuer, Leupold, &,c The duiahility of the modem 
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In cutting screws with either the old or modern sci ew man 
drel, the work is chucked and the tool is applied exictly m the 
manner of turning a plain object but the mandrel requires an 
alternating motion backwaids and forwaids somewhat shoit of 
the length of the guide sciew, this is effected by giving a 
swinging motion or partial revolution to the foot wheel llie 
tool should retain its place with gre it steadiness and it is theie 
fore often fixed in the sliding rest, by which also it is then 
advanced to the axis of the woik with the pi ogress of the 
external screw, oi by which it is also removed fiom the center 
in cutting an internal screw 

To cut a screw exceeding the length of ti averse of the mandiel, 
the screw tool is first applied at the end of the woik, and when 
as much has been cut as the tiaveise will admit, the tool is shifted 
the space of a few threads to the left and a farther portion is 
cut, and this change of the tool is repeated until the sciew 
attains the full length required When the tool is applied by 
hand, it readily assumes its true position in the threads when it 
IS fixed m the slide rest its adjustment requires much caie 

In sciewing an object which is too long to be attached to the 
mandrel by the chuck alone, its opposite extremity is sometimes 
supported by the front center oi popit head but the center 
point must then be piessed up by a spring, that it yield to 
the advance of the mandrel this method will only serve foi veiy 
slight woiks as the pressure of the screw tool is apt to thrust 
the woik out of the center It is a much stronger and moie 
usual plan to make the extiemity oi some moie convenient 
pait of the worl cjlindrical, and to support that pait within a 
stationaiy cjlmdiical bearing, or collm plate, which retains the 
position of the woik notwithstanding its helicil motion and 
supplies the needful resistance against the tool 


hardened steel collars when duly propoitioned and \vell fitted is most remarkable 
in illustration it may be mentioned that Iloltzapfill and Co have been m the 
practice of making this class of lathe for 80 }ears and yet it is veiy rare for them 
to meet with a sciew mandrel lathe of then manufacture, in which the wear has 
been suf&cieut to require the renewal of the collais 

* In cutting the screws upon the ends pf glass smelling bottles and similar 
works incapable of being cut with steel tools the bottle is mounted on a traversing 
mandrel which is moved slowly by band and the cutting tool is a metal disk 
revolving rapidly on fixed centers and having an angular edge fed with emery 
and watoi in some rare cases a diamon 1 is used as the cutting tool 
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The amateur who experiences difficulty in cutting screws 
fljmg or with the common mandrel and hand tool unassistedly 
will find the screwmandrel an apparatus hy far the most geneially 
convenient for those works in wood ivory, and metal turning to 
which the sciew box and the taps and dies aie inapplicable 
Toi the sciew mandiel lequires but a very small change of 
apparatus and whatever may be the diameter of the woik it 
ensuies perfect copies of the guide screws the half dozen 
varieties of which will be found to piesent abundant choice as 
to coarseness in lespect to the ordinaiy purposes of turning 

SECT TII — ON CUTTING SCREWS IN LATHES WITH TRAVERSING 

TOOLS 

A gi eat number of the engines for cutting screws, and also of 
the other shaping and cutting engines now commonly used, are 
clearly to he traced to a remote date, so far as then principles 
are concerned 

Toi instance, the germs of many of these cutting machines 
in vhich the principles aie well developed, will be found in the 
primitive rose engine machinery with coaise wooden frames, and 
arms shipei plates cords, pulleys, and weights described m the 
earliest works on the lathe and referred to m pages 4 to 8 of 
Vol I whilst many others are as distinctly but more carefully 
modelled in metal m the tools used in clock and watch making, 
many of which ha\ e also been published 

The principles of these machines being geneially few and 
simple admit of but little change, but the structures, which aie 
most diversified nay almost endless, have followed the degrees 
of excellence of the constructive arts at the periods at which 
they have been severally made, combined with the inventive 
talent of their projectors 

In most of the screw cutting machines a previously formed 
screw IS employed to give the traverse, such are copi/inp machines, 
and will form the subject of the present section , and a few 
other engines serve to ongmate screws, by the diiect employ 
ment of an inclined plane, oi the composition of a rectilinear 
and a circular motion the notice of this kind of screw niaclii 
neiy will be deferred until the next section 

The earliest screw lathe known to the author, bears the date 
of 1569, and this curious machine, which is represented m 
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fig 593, IB tlms desoubod by its inventor IkBmt Fnpae ile 
Tour en nulle part encore xeue et qui mum nnhiilttf ^ pou^ 
enqraier petit a petit la Vix dVintoiu di touti luqiui lonih it 
solide, roue mesmcB ovak 



The tool IS tuiversecl alongBule the woik b> nn nm ol n giinb 
screw, winch is moved simulbuu ously vitb the woik to be 
opoiatcd upon, by an anangenuut of pulb^s and andn to«> 
obvious to lequuo (xpbination It ih ho\^<vu wottb} of 
remark, that bad and imptibit as the (onhftm tun airangemeiit 
IB tins caily machine is capable of cutting Hciews of any pitch, 
by the use of pulleys of diftc icnt dianu tc ih , and right and li ft 
hand scicws at pic asm e by ciosHing oi uncioHsing the cold, 
and also that in this fust mac lunc thc^ iim ntoi wa4 iiwaii that 
a screw cutting lathe might he use d upon t lliptn iI, ^ ftnd 

other solids 

Thenociillu tiatiou, lig a nts a unit biiif dcseribiHl 

as* A Lathe m which without thee onnuon ait, nil noit^id sc tews 
and othei curvcnl Imts can be macli thin was iiiffiitod by 

* The figure IS oopiod half «i/t frum phU 9 of tlii co*rk Oikllol * /l#4 imim 
m(nts M(ithCmatt(pu$ d M4ihanujim&^ /wr Jmpm Bmmm F««t 

T atm and French I (lit fel IfifiS hi ouiid !}m», P»7I^ &l» a I iitiii I lit 
I yens 1532 The Mime copper pUtca are need throughmit 
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M Grandjean pi lor to 1729 * The constructive details of tins 
machine, which aie also sufficiently apparent, aie in some 
respects superior to those in Besson's , but the two are alike 
open to the imperfection due to the transmissions of motion by 
cords and Grandjean s is additionally imperfect, as the scheme 
repiesented will fail to produce an equable tiaverse of the 



mandiel compaied with its revolution, owing to the continual 
change m the angular relations between the arms of the bent 
lever, and the mandrel and cord respectively Sometimes the 
spiral boaid or templet s, is attached to the bent lever, to 
act upon the end of the mandiel, this also is insufi&cient to 
pioduce a tiue screw in the mannei proposed 

Several of the engines for cutting screws appear to be deiived 
fioin those used for evittmg fusees, or the short screws of hyper 
bolical section, upon which the chains of clocks and watches are 
wound, m order to counteiact the unequal strength of the 
different coils of the spiral springs The fusee engines, which 
are very numerous, have in general a guide screw from which 
the traverse of the tool is derived, and the illustiation fig 595, 
selected from an old work published m 1741, is not only one of 
the earliest but also of the most exact of this kind, and it 
exhibits likewise the primitive application of change wheels, toi 
producing sciews of varied coarseness fiom one ouginal 

* Communicated to the AcaclCmie Uoyah m 17^9 and punted in tho 

Machines ajpprouvies tome v I7d5 As a matter of arrangement, this figmc 
belongs to Sect VI but as a specimen oJE cirly mochanism its piesont phee 
seems more appropn ite 
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This instrument is nearly thus described by Thzout “A lathe 
which carries at its extremity two toothed wheels the upper is 
attached to the arhoi, the clamp at the end of which holds the 
axis of the fusee to be cut, the opposite extiemity is letamed 
by the center, the fusee and arbor constitute one piece, and aie 
turned by the winch handle The lower wheel is put in movement 
by the upper and turns the screw which is fixed in its center 
the nut can ti averse the entire length of the screw, and to the 
nut IS strongly hinged the lever that holds the graver or cutter, 
and which is pressed up by the hand of the workman Several 
pairs of wheels are re<3.n-iied and the smaller the size of tint 
upon the mandrel, the less is the interval between the threads 
of the fusee * 



In the general construction of the fusee engine, the guide 
screw and the fusee are connected together on one axis, and aie 
moved by the same winch handle the degree of fineness of the 
thread on the fusee is then deteimined by the intervention ol a 
lever geneially of the first older, a gieat variety of construe 
tions have been made on this piinciple t the mode of action will 
he more clearly seen m the next figuie, wherem piecisely the 
same movements are applied to the lathe for the puiposo of 
cutting ordinary screws 

The appaiatus now referred to is that invented by Mr Healey 


* TJmuts TiaiM d HoilogCt le Mtchamqwe ct Piahque^ &c 4to, Pans 1711 
vol 1 page 69 plate 27 The name of tLe inventor is not given 

t ihree aie descubed in Thioiit s Treatise namely in plates 25 26 and 27 
the first by Megnaud de Ghaalon Othei examples will he found in liees s Cydo 
pedia Article Fu ee Plates Horology 36 and 37 



HFALEY S SCRrW CUTTING APPARATUS 


619 


of Dublin an amateur ^ it is umveisal, or capable within 
certain limits of cutting ill kinds of scitws either light or left 
handed and is represented in plan in fig 596 m which C is the 
chuck which caiiics the woik to be screwed, and t is the tool 
which lies upon r r' the lathe iest,that is placed at right angles 
to the beaier, and is alwa^’^s free to move in its socket s, as on a 
centei, because the binding screwis either loosened oi leinoved 
On the outside of the chuck G is cut a coarse guide screw, 
which we will suppose to be right handed 'lhenut?^^^, which 
fits the sciew of the chuck, is extended into a long aim, and 
the latter communicates with the lathe lest by the connecting 
lod c c As the lathe revolves backwards and forwards the 
aim n (which is retained horizontally by a guide pm y), 
travel ses to and fio as regards 
the chuck and woik, and causes 
the lathe rest r / to oscillate in 
its socket s The distance s t 
being half s i a light hand sciew 
of half the coarseness of the guide 
will be cut, or the tool being 
neaiei to and on the othei side 
of, the center s as in the clotted 
position t\ a finei and left hand 
screw will be cut 

The 1 od c c may be attached in 
differently to any part of n n, but 
the smallest change of the re 
lation ot s to s would mar 
the coiiespondence of screws cut at diffcient peiiods, and there 
for t and r should be united by a swivel joint capable of being 
fixed at any pait of the lathe lest r i , which is omitted in Mr 
Healey s perspc^ctive drawing of the apparatus 

This IS one of the least peifect of the modes of oiiginating 
sciews, it should theiefoxe be only applied to such as aie veiy 
shoit, as owing to the vaiiation in the angular lelition of the 
paits the motion given to the tool is not stiictly const int oi 
equable , when m the midway position, the seveial paits should 
he exactly at right angles to each othei, in oidei, as fu as 
possible, to avoid the eiior The inequality of the sciew is 
luiBi <lcBcnl)o(l m lillocli % lhiIosoi)lncal foi 1804 Vol xix pp 172—175 

S S 2 
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imperceptible m tbe sbort fusee, and it would be there harmless 
even if more coiisideiable , but a perfect equality of coarseness 
or of angle, lb impel ative in longer screws, and those to be fitted 
one to the other a condition uncalled for in the fusee, which 
has only to carry a chain 

The apparatus invented by the late Mr S Varley and repic 
sented in plan in figs 597 and 598, although it does not prestnt 
the univeisality of the last, is quite correct in its action and fni 
more available , it is evidently a combination of the fixed man 
drel, and the old sciew mandiel, fig 592, p 61 1 I our diflcicnt 
threads are cut on the tube which suriounds the mandiel, and 
the connection between the guide screw and the woih, is by 
the long bar h h, which caiiics at the one end a piece (j filed 
to coiiespond with the thread, and at the othoi, a sodeti lu 
which IS fixed a sciew tool coircspondmg with the guide at 
the time employed 



The lathe revolves with continuous motion , and the long b ir 
or rod being held by the two hands in the position shown, the 
guide g, and the tool are traversed simultaneously to the left 
by the screw guide , and when the tool meets the shoulder of 
the work, both hands aie suddenly withdrawn, and the bar is 
shifted to the light foi a repetition of the cut and so on until 
the completion of the screw The guide y, is supported upon 
the horizontal plate jp, which is parallel with the mandiel, and 
the tool t, lies upon the lathe rest i 

Beneath the tool is a sciew which lubs against the lathe rest t , 
and serves as a stop, this makes the sciew cylmdiical or conical, 
according as the lest is placed parallel or oblique lor the 
internal sciew, the tool is placed parallel with the bar, as m 
fig 598 , and the check sciew is applied on the side towards the 
center, against a shoit bar, paiallel with the axis of the lathe 
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As in the screw mandiel lathes, the screws become exact 
copies of the screw guides and to a ceitam extent the mechanism 
fulfils the office of the slide rest but at the same time, moie 
tiouble IS required for the adjustment of the apparatus la 
genei il the guide rod must be supposed to act somewhat as aa 
incumbiance to the fiee use of the tool, which is applied in a 
less favo 111 able manner when the screw is small compared with 
the exterior diameter of the woik, as it must then project con- 
siderably from the bar so that on the whole the traversing 
mandrel is a far more available and convenient arrangement 

None of the machines which have been hitherto described are 
proper for cutting the accuiate screws, of considerable length or 
of great diameter, required in the ordinary works of the en- 
gineer , but these are admirably produced by the screw cutting 
lathes, m which the traverse of the tool is effected by a long 
guide screw, connected with the mandrel that cairies the woik 
by a system of change wheels, after the manner employed a 
ccntuiy bick, as in fig 595 The accuracy of the result now 
depends almost entuely upon the perfection of the guide screw, 
and which we will suppose to possess very exactly 2 4, 5 6, oi 
some whole numbei of threads in every inch although we shall 
foi the piesentpass by the methods employed in pioducing the 
original guide screw which thus serves for the reproduction of 
those made through its agency 

Ihe smnllci and most simple application of the system of 
change wheels for pioducing screws, is shown in fig 599 The 
work is attxchcd to the mandrel of the lathe by means of a 
chuck to which is also affixed a toothed wheel marked M, 
thaefore the mandrel, the wheel, and the work partake of one 
motion m common the tool is earned by the slide rest, the 
principal slide of which is placed paiallel with the axis of tliQ 
lathe as in turning a cylinder, and upon the end of the screw 
ncai the mandrel, is attached a tooth wheel S, which is made 
to engage in M the wheel earned by the mandrel 

As the wheels are supposed to contain the same number o:^ 
teeth tbey will revolve in equal times or make continually turn 
foi turn, md thciefore in each x evolution of the mandiel and 

* The details of this apparatus will bo found m the description of the same 
by Mr Cornelius Yailey, the nephew of the i^ventoi in the Tians Soc of Arts 
vol xhu , p 90 1825 
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workjtlxe tool will be shifted m a right line a quantity equal to 
one thread of the guide screw and so with eveiy coil throughout 
its extent of motion Consequent!} the motion of the two axes 
being always equal and continuous the screw upon the woik 
will become an exact copy of the guide sciew contained in the 
slide lest, that is, as legaids the inteival between its sevei il 
thieadb its total length, and its geneial peifection 



But the airows in M and S, denote that adjoining wheels 
always travel m o;pposite directions , when theiefoie the mandrel 
and slide rest aie connected by only one pair of wheels as in 
fig 599 the diiection of the copy sciew is the levcise of that of 
the guide The right hand screw being far moie gen ei illy 
required in mechanism when the combination is limited to its 
most simple form, of two wheels only, it is requisite to make 
the slide rest screw left handed, in older that the one pan of 
wheels may pioduce light hand threads 

But a light hand slide lest screw miy be employed to pioduce 
at pleasure both right and left hand copies by the inti eduction 
of either one or two wheels, between the exteiioi wheels M 
and S fig 599 Thus one intermediate axis, to be called I, 
would pioduce a right hand tine id two intoimediate axes, I I, 
would inoduce a left hand thiead and so on alternately and 
tins mode in addition allows the wheels M and & to be placed 
at my distance asundei that ciicumstances may require 

In making double thread screws the one thread is fust cut, 
the wheels are then removed out of contact and the inandicl 
IS moved ex ictly half a tuinbefoie thou replacement, the second 
thiead is then made In tieble threads the nuuiclicl is twice 
disen^ igcd, and moved one thud of a tiua each tunc, and so on 
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When intermediate wheels are employed, it becomes necessary 
to build up fi om the beai ers some description of pedestal, or from, 
the lathe head some kind of bracket, which may serve to carry 
the axes or sockets upon which the intermediate wheels revolve 
ihese parts h ive received a great variety of modifications, three 
of which are introduced m the diagrams 600 to 603 , the wheels 
supposed to be upon the mandrel are situated on the dotted, 
hue M M, and those upon the slide rest on the line S S 

Figs 600 601 602 




1 he rectangulai bracket in fig 600, has two straight moitises ; 
by the one it is bolted to the bearers of the lathe and by the 
other it carries a pan of wheels, whose pivots are in a short 
piece, which may be fixed at any height oi angle in the mortise, 
so tint one or both wheels I I, may be used according to cir- 
eumstanccs In fig 003, the inteimediate wheel, or wheels, are 
cairied by a radial aim which circulates around the mandrel, 
and lb fixed to the lathe head by a bolt passed through the 
eiiculai moitise In fig 603 a similai radial aim is adjustible 
aiouiid the axis of the slide rest sciew, in the fixed bracket 

bometimes the wheel supposed to be attached to the slide- 
rest, IS carried by the pedestal or arm, fixed to the bed or 
headstock of the lathe , in order that a shaft or spindle may- 
pi oceed from the wheel S, and be coupled to the end of the 
slide rest screw, by a hollow square or other form of socket so 
as to enable the rest to be pi iced at any part of the length of 
the bcaier and pern it a sciew to be cut upon tlie end of a 
long lod * — 

* Tho shaft sometimes teumnitos it e-ioh end in universal joints in order to 
aooommodiita any tiifling wint o£ parallelism m the puts if however the cen- 
tral shaft he placed uncqii illy oblique the motion transmitted ceases to be umform 
or it IS aooolerated and i etai ded m every revolution which is fatal m screw cutting 
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Tins change in the position of the slide rest is also needful in 
cutting a screw which exceeds the length the rest can travel se, 
as suchlong screws may then be made at two oi more distinct ope 
rations , before commencing the second trip the tool is adjusted 
to drop very accuiately into the teimination of that portion of 
the screw cut in the hist trip, which lequires very great care, m 
Older that no falsity of measurement may be discernible at the 
paits where the separate courses of the tool have met This 
method of proceeding, has however from necessity, been followed 
in producing some of the earliest of the long legulating screws, 
vhich have served for the production of others by a method 
milch less liable to accident, namely, when the cut is made 
uninterrupted!} throughout the extent of the woih 

In the larger application of the system of change wheels the 
entire bed of the lathe is converted into a long slide lest the 
tool carriage, with its subsidiary slides for adjusting the position 
of the tool, then traveises directly upon the bed , this mode has 
given rise to the name traversing or slide lathe, ' a machine 
which has received and continues to receive a vaiiety of forms 
jn the hands of diffeient engineers It would be tedious and 
unnecessary to attempt the notice of their different construe 
tions, which necessarily much resemble each other, moie 
especially as the principles and motives, which induce the 
seveial constiuctions and piactices, lathei than the precise 
details of apparatus, aie heie under consideration 

The airangement for the change wheels of a sciew cutting 
lathe given in fig 603 , resembles the mode frequently adopted 
The guide screw extends through the 
middle of the bed and projects at the 
end there is a cHsp nut, so that when 
requiied, the slide lest may be detached 
from the screw and moved independently 
of the same Ihe tram of wheels is placed 
at the left extremity of the lathe , there 
IB a r idial arm which circulates aiound the 
end of the mam screw, the aim has one 
or two straight mortises, in which are 
fixed the axes of the intermediate wheels, 
and there are two circular moitibes, by 


Eig 603 
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whicli the arm may be secured to the lathe bed, m any reqmied 
position by its two binding screws 

On comparing the lelatiye facilities for cutting screws, either 
with the slide lest furnished with a tram of wheels or with the 
traversing or screw cutting lathe, the advantage will be found 
greatly in favour of the latter for instance 

With the slide-iest arrangement fig 599, the work must be 
always fixed in a chuck to which the first of the change wheels 
can be also attached, the wheels fiequently prevent the most 
favourable position of the slides fiom being adopted and in 
cutting hollow screws the change wheels entirely prevent the 
tool carnage of the slide-rest from being placed opposite to the 
center, and therefore awkward tools, bent to the rectangular 
form, must be then used The slide rest also requires frequent 
attention to its parallelism with the axis of the lathe, or the 
screws cut wiU be conical instead of cylindrical 

With the traveising lathe, from the wheels being at the back 
of the mandiel, no interference can possibly aiise from them, 
and consequently the work may be chucked indiscriminately on 
any of the chucks of the 1 ithe , every position may be given to 
the slide carrying the tool and therefore the most favourable, 
or that nearest to the work, may be alwaj s selected, and the 
tools need not be ciooked As the tool cairiage travel ses at 
once on the bearers of the lathe the adjustment for paialldisin 
IS always true and the length of traverse is greatly extended 

The system of screw cutting just expl lined is very general 
and practical for instance one long and peifcct guide screw 
(which we will call the (jivid^e) containing 2, 4, 6, 8, 10, oi any 
precise number of threads per inch having been obtained, it 
becomes very easy to make from it subsequent screws (or copies.), 
which shall be respectively coarser and finer in any determined 
degree The principle is, that whilst the copy makes one levo 
lution, the guide must make so much of one revolution, oi so 
many, as shall traverse the tool the space required between each 
till ead of the copy and this is accomplished by selecting change 
wheels in the proportions of these quantities of motion, or, in 
other words, in the proportion required to exist between the 
guide screw and the copy 

In explanation, we will suppose the guide to have 6 threads 
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per mcli, and that copies of 18 14, 12] 8, 3, 2, 1 threads per 
inch, are leqmred the two wheels must be lespectivcly in the 
proportions of the fi actions x? tt t-j t -j -t t» guide 
being constantly the numerator The nuineratoi also lepiesents 
the wheel on the mandrel, and the denoinmitoi that on the 
guide screw any multiples of these fi actions may be selected 
loi the change wheels to be employed 

Foi example, any multiples of as , will 

produce a screw of 18 thieads per inch the fiist and finest of 
the group, and any multiples of as Vf , Xc willpioduco 
a sciew of 1 thread per inch, which is the last and coai&est of 
those given 

Sciews 2, 4 or 6 times as fine will result from interposing a 
second pmi of wheels, respectively multiples of ], f, and 
placed upon one axis 

Foi instance the pair of wheels used foi pioducmg a 
sciew of 18 threads per inch, would, by the combination A, 
produce a copy thiee times as finO) oi a sciew of 51 thieads per 
inch ^ 


Combination A 
M Interm S 

24 60 

20 72 


Combination B 
M Interm S 

120 24 

72 20 


Combination C 
M Intel m 

27 53 

39 


S 

107 


And the wheels Vw? i^sed for the screw of one thread per 
inch, would by the combination B, produce a copy thice times 
as coaise^ or of thiee inches rise 'Whatsoever the value of the 
intermediate wheels, whethei multiples of 4? » they 

produce screws, lespectively of 4 t I-j fhe pitches of those 
screws which would be otherwise obtained by the two exterior 
wheels alone and m this manner a great variety of screws, 
extending over a wide range of pitch, may be ob timed from a 
limited number of wheels 

For instance the apparatus Holtzapfful cL Co have lecently 
added to the slide rest after the mannei of figs 599 and 001, has 
a series of about fifteen wheels, of fiom 15 to 114 teeth, employed 
with a screw of 10 threads pei inch , several huiidied varieties 
of screws may he produced by this apparatus the finest of which 
has 320 threads per inch, the coaisest meisures inches nr 


* Fig 601 represents the wheels lefeired to in combination A and hg 602, 
thooe m combination B 
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each coil oi rise and the screws may be made right or left 
handed, double tuple, quadiuple, oi of any number of thieads 
The finest combinations are onl} useful for self acting turning, 
those of medium coarseness seive foi all the ordinary purposes 
of sciews , whilst the yery coarse pitches ire much employed in 
ornament il woihs of the character of the Elizabethan twist 
and in cutting these coarse screws the motion is given to the 
slide rest screw and by it communicated to the mandrel 

Ihe value of any combination of wheels may be calculated as 
vulgar fractions by multiplying together all the diivmg wheels 
as numeiatois, and all the diiveii wheels as denominatois, 
adding also the fractional value, or pitch, of the guide screw , 
thus m the fiist example A 

24 X iO X 1 = 480 1 

- or reduced to its lowest terms — 

60 X 72 X 6 = 2o920 

The fraction denotes that of an inch is the pitch of the 
screw 01 the inteival horn thread to thread , also that it has 54 
thieads in each inch, and wli?.c]\is called the late of the sciew 
And m C the numheis in which example were selected at 
laiidom the sciew vould be found to possess rather more than 
32 thieads per inch ^ 

27 X 39 X 1 = 1053 1 

or 1 educed to its lowest terms 

S3 X 107 X 6 = 34026 3‘>3 

111 imitation of the method of change wheels, the slide rest 
sciew IS soiiietiincs moved by an ariaiigeineiit of catgut bauds, 
lescmbliiig that lepresented in Besson’s sciew lathe, page 61G 
One band pioceeds from the pulley on the mandiel to a spindle 
oveihead having two pulleys, and a second coi d descends from 
this spindle to a pulle} on the slide rest I Ihe method offeis 

* llie fractions should be reduced to their lowest terms before calculation to 
avoid the necessity for multiplying such high numbers Thus the first example 
would become leduced to J x J x ^=gj; and would be multiplied by inspection 
done as the numeratoi s and denominators may he taken crossways if more con 
\cnient thus is eciual to \ and is also equal to J factions which are smiller 
tlun ind the lowest turns respectively of ^and the second case could not 
bo thus treated and the whole numbers must theie be multiplied as they will not 
idmit of 1 eduction Othei details will be advanced and tables of the combinations 
of the eh mge wheels will be also given in treating of the piactice of cutting sciews 
t Ihis appuatus has been applied to cutting the expanding horn siukos See 
Manuel cU I omnciii lust edit 1796 vol ii pUte 21 and seeond edit 1816 
vol 11 plate 10 see also pigo 124-5 oi the lust volume of this woik 
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facility in cutting screws of vaiious pitches by changing the 
pulleys, and also either right or left hand sciews, by ciossmg or 
uncrossing one of the bands 

The plan is unexceptionable, when applied for travel sing the 
tool slowly for the purpose of tuinmg smooth cylinders oi sui 
faces (which is viitually cutting a sciew oi spiial of about 100 
coils in the inch) and m the absence of better means, pulleys 
and bands aie sometimes used in matching sciews of unknovn 
or iiregulai pitches, by the tedious method of repeited tiials, 
as on slightly reducing with the turning tool, the diametei of 
either of the diiving pulleys, the screw or the work becomes 
gi adually finer and reducing either of the dyiven pulleys makes 
it com SQT but the mode is scarcely trustworthy, and is decidedly 
far inferior to its descendant, or the method of change wheels 


The screw tools, or chasing tools, employed in the traversing 
Iithes for cutting external and internal screws lesomblc tlic 
fixed tools geneially except as regards their cutting edges, the 
following figures 604 to 606 refer to angular threads, and GOT 
and 608 to square threads 

Angular sciews are sometimes cut with the single point fig 
604, a form which is easily and coirectly made , the general 
angle of the point is about 55*^ to 60°, and when it is only 
allowed to cut on one of its sides or bcvils, it may be used fear 
lessly as the shavings easily cuil out of the way and escape 
But when both sides of the single point tool are allowed to cut 
it requires very much more ciutious management, as in the 
latter case, the duplex sliaxings being disposed to curl over 
opposite ways they pucker up is an angular film, and in fine 
thieads they aie liable to break the point of tire tool, or to cause 
it to dig into and tear the woik Sometimes also, a fragment 
of the shwing is wedged so foicibly into the screw by the end 
of the tool, that it can only be extricated by a sliaip chisel and 
hammer 

In cutting angular screws, it is very much more usual and 
expeditious to employ screw tools with many points, winch are 
made in the lathe by means of a i evolving cutter or hob, figs 
550 and 551 page ^91 Screw tools with many points, aie 
always required for those anguUr thieads which aie loundcd 
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at the top and bottom, and which are thence called rounded or 
round threads * 

Mr Clement gives to the screw tool for rounded threads the 
profile of fig 605, winch construction allows the tool to be 
invent ted so that the edges may be alternately used foi the pui 
pose of equalizing the section of the thiead In making the tool 
605, the hob (which is dotted) is put between centeis in the 
traversing lathe, and those wheels are applied which would sei\ e 
to cut a screw of the same pitch as the hob the bar of steel is 
then fixed in the slide rest, so that the dotted line or the axis of 
the tool intersects the center of the hob Ihe tool is aftei waids 

hollowed on both sides with tne file, to facilitate the sharpening, 
and it IS then hardened In using the tool, it is depressed 
until either edge comes down to the radius proceeding from 
the (black) circle which is supposed to represent the screw to 
be cut , the depression gives the requiied penetration to the 
upper angle, and leinoves the lower out of contact t 

Ml Bodmers patent chasing tool is represented in fig 606 
the cuttei, c, is made as a ring of steel which is screwed internall/ 
to the diametei of the bolt and turned externally with an 
undeicut gioove, for the small screw and nut by which it is held 
in an iron stock, s, formed of a corresponding sweep , for dis 
tinctuess the cuttei and screw arc also shown detached The 
centei of curvature of the tool is placed a little below the center 
of the lathe, to give the angle of separation or penetration , 
and after the tool has been ground away in the act of being 
sharpened, it is raised up, until its points touch a straight edge 
applied on the line a a of the stock , this denotes the proper 
height of center, and also the angle to which the tool is 
intended to be hooked, namely 10 degrees each ring makes 

♦ Mr Clement considers tbe many points to act with, less risk than the single 
point because m the piocesses of hardening hist the koh and then the screw tool 
they both hccome slightly enlarged or a httle coarser than the pitch of the 
screw conseanontly part of the teeth cut on one side and part on the other 
but none of them on both sides of the points which latter action gives rise to 
confusion by inteiruptmg the free escape of the shavings 

t In mal mg a hob with louuded threads it is usual to prove whether the top 
and bottom of the Hue id are equally lounded by driving two different pieces 
of lead into the hob with a hammer the two impressions will only fit together 
so as to exclude the light when the depaiture fiom the simple angle is alike 
at the top and bottom of the hob and that the thread is perpendicular or does 
not lean M istor t ips arc simiUrly pioved 
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four or five cuttei^i, and one stock may be used foi scvcial 
diameteis of tbieads 

Angular thread scicws are fitted to tluii <onc spoiulnig nuts 
simply by reduction iii diameter, but scpian tlnuul scicvh 
require attention both as to dianutci and width of giocni, and 
aie consequently moic tioubh sonu Htpiau tine ad sc u wh au , 
111 geneiil, of twice the pitch, oi double tin <)hhcput\ of nngulu 
sciews of the same diauntcis, and, c onscepu nil^ tht^ infci 
ference of angle hcfoie explained as (omcimng the tin steaks 
lefeis with a twofold effeet to stiuaie Ihu ids, which au in all 
respects much bettei pioduced m the sc ic w < utting 1 din 

The oidmaiytool foi sepiaio thiead sc lews is it pic sc ntc d 
in three views in fig 007 tin shaft is shouldc ic tl dtn\u so m to 
teimmate m a rcctangulai pait wlueh is e\a(tl> ctpial to tin 
width of thogioove, in gcneial the end dtnu ol tln» tool ig 


Sc'i eio Tools foi A nr/ii lai ads 
lugR 601 


aSooc lookfn StiHtof Iheadi 
I C)07 



required to cut, and the sides aic In \ died act ending to tin 
angled the scitw, to avoid luhhing agunsf tin sithh ol tin 
thiead Tools winch cut upon tin Hide alone, iiic al^oocta 
sionally used for iidjuslmg the width ol tin gioovc In c ifini 
case it reqimes conside table cate to maintain tin exact width 
and height of the tool, iho tiHhnaiion of whuh should also 
difici foi cvciy ehauge of diumctci 
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To obviate tliese sevei il inconveniences the authoi seveial 
years back contrived a tool holder, fig 608, foi cariymg small 
blades made exactly i octangular In height, as at h, theblades aie 
alike, in width, tv, they are exactly half the pitch of the threads 
and they are ground upon the ends alone The parallel blades 
are clamped in the rectangular aperture of the tool socket by the 
four sciews c c and when the screws s s, which pass through 
the circular mortises m the sockets, are loosened, the swivel joint 
and graduations allow the blades to be placed at the paiticular 
angle of the thread, which is leadily obtained by calculatiom 
and is estimated for the medium depth of the thread oi midway 
between the extreme angles at the top and bottom 

One blade, therefore, serves perfectly for all screws of the 
same pitch both right and left handed, and of all diameters, as 
the tool exactly fills the groove, it works steadily, and the width 
of the groove and the height of center of the tool are also 
strictly maintained with the least possible tiouble The depth 
of the groove, which is generally one sixth more than its width, 
IS read off with gieat facility by means of the adjusting screw of 
the slide rest, especially if, as usual the sciew and its micrometer 
agree with the decimal division of the inch 

The holder, fig 608 has been much and satisfactorily used for 
screws fiom about SO to 2 threads pei inch, but when the screw 
is coarse and oblique compaied with its diameter the blade ib 
ground away to the dotted line in h, and is sometimes hevilled 
on the sides almost to the upper edge, to suit the obliquity of 
the thread, but without altering the extieme width of the tool 
The tools for external screws of very coarse pitch, are neces 
sarily foimed m the lathe by aid of the corresponding wheels 
and a revolving cutter bai resembling fig 516, p 669 The soft 
tool IS fixed 111 the slide rest, and is thereby carried against the 
revolving cutter bar, 515, which has a straight tool, eithei pointed 
or squaie as the case may be The end of the screw tool is thus 
shaped as pait of an internal screw the counterpart of that to 
he cut, the face of the screw tool is filed at right angles to the 
obliquity of the thiead, and the end and sides me slightly bcvillcd 
for penetration, pieviously to its being baidened 

Inteinil squaie threads of small size, are usually cut with 


For tlie mode of c^vlcuhting the angles of sciews see foot note p 657 
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taps wliicli resemble fig 548 p 587, except in the form of the 
teeth. When internal sq[uare thieads are cut m the lathe, the 
tool assumes the ordinary foim of a stiaight bar of steel, with a 
rectangular point standing off at right angles, in most lespects 
like the common pointed tool for inside woik 

Tor veiy deep holes and for threads of very considciablc 
obliquity cutter bais, such as fig 515 p 569, aie used ilie 
woikand tne temporary bearings of the bar, are all immovcably 
fixed for the time, and the bar advances thiough the beaiings 
m virtue of its screw thread, or otherwise a plain bar, having a 
cutter only, and not being screwed may be mounted between 
centers in the screw lathe, and the work, fixed to the slide lest, 
may travel se parallel with the bai by aid of the change wheels 
Ihe cutter bar in some cases requnes a ring to fill out the space 
between itself and the hole, to prevent vibration, and it is ncccs 
sary to inciease the ladial distance of the cuttei between each 
trip, by a set screw, or by slight blows of a hammer 

Very oblique inside cutters are turned to their respective 
forms with a fixed tool m a manner the converse of that 
explained above and some peculiarities of management aie 
lequired in using them, in order to obtain the undci cut foiin 
of the internal thread, — but the consideration of which docs not 
belong to this place 

In cutting screws in the turning lathe the tool only cuts 
as it traverses in the one direction , therefore whilst the cuttci 
IS nQO\ed backwards, or in the reverse direction, foi the sue 
ceedmg cut, it must be withdrawn from the work Sometimes 
the tool IS traveised backwards by leveising the motion of the 
lathe , and in lathes driven by power, the back motionis frequently 
moie lapid than the cutting motion, to expedite the pioccss at 
other times the lathe is brought to lest the nut is opened as a 
hinge, so as to become disengaged fioin the screw, and the 
slide lest is tiaveised backwards by hand, or by a pinion move 
ment, and the nut is again closed on the screw, piior to the 
succeeding cut This mode answers perfectly for sciews of the 
same thread as the guide, and for those of 2, 4, 6, 8 times as 
coarse or as fine but foi those of 2^, 4^, or any fractional time h 
the value of the guide sciew, the clasp nut cannot la geucial 
be emplo} ed advantageously 
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The progressive advance of the tool between each cut is com 
moiily regulated by a cncle of divisions oi a miciometer on the 
slide rest SCI ew, which should always coirespond with the decimal 
division of the inch The substance of the shaving may be pietty 
consideiable aftei the fiist entry is made, but it should dwindle 
away to a veiy small quantity, towaids the conclusion of the 
screw To avoid the necessity for taxing the memory with the 
graduation at which the tool stood when it was withdiawn foi 
the back stroke, the author has been in the habit of employing 
a micrometer exactly like that on the sciew, which is set to the 
same graduation, and serves as a remembrancer, another method 
is to employ an aim or stop, which fits on the axis of the screw 
or handle with stiff friction, but nevertheless allows the tool to 
be shifted the two or three divisions required for each cut 

In Mr Eobeits s screw lathe, the nut of the slide sciew 
instead of being a fixtuie is made with two tails as a fork, which 
embraces an eccentiic spindle, by the half lotation of which 
spindle, the nut, together with the adjusting screw the slide 
and the tool, are shifted, as one mass a fixed distince to and 
fiom the centei, between each cut so as fiist to withdiaw 
and then to replace the tool Whilst the tool is running back 
the screw is moved by its adjusting sciew and divisions, the 
minute quantity to set in the tool for the succeeding cut, and the 
continual wear upon the adjusting screw, as well as the uncd 
tainty of its being correctly 
moved to and fro by the mdi 
vidual, are each avoided 

Sometimes, with the view 
of saving the time lost m 
running back two tools are 
used, so that the one may 
cut as the tool slide traverses 
towards the mandrel, the 
othei m the contrary direc 
tion Ml Slianl b aiiange 
mcntfoi this puipo&e as ap 
plied to the sciewmg of bolts 
111 the lathe, is shown m 
fig 609 , / represents the 
front, and h the back tool, which are mounted on the one slide s h, 

T I 
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and all three aie moved as one piece by the handle /^ which 
does not require any micrometer 

In the fiist adjustment the wedge %v, is thrust to the bottom 
of the coiiespondmg angular notch in the slide s and the two 
tools are placed in contact with the cylinder to be sciewed For 
the fiist cut the wedge is slightly withdr iwn to allow the tool/, 
to be advanced towards the work and for the return stroke, the 
wedge IS again shifted under the observation of its divisions , 
and the slide s s is brought forwaids, towards the workman up 
to the wedge this relieves the tool / and projects &, which is 
then in adjustment for the second cut, and so on alternatel} 
Ihe command of the two tools is accuiately given b} the 
wedge which is moved a small quantity by its sciew and micro 
meter between every alternation of the pair of tools, by the 
screw h 


In cutting veiy long screws the same as in turning long 
cylindrical shafts, the object becomes so slender that the con 
trivance called a backstay, is always required for supporting the 
work m the immediate neighbouihood of the tool Ihe back 
stay is fixed to the slide plate or the saddle of the lathe which 
cairies the tool, and is brought as near to the tool as possible , 
sometimes the dies or bearings are circular, and fit around the 
screw at other times they touch the same at two thiee, or 
four parts of the circle only Some of the numerous forms of 
this indispensable guide or backstay, will be hereafter shown 
In using the screw lathe with a backstay for long screws, it is 
a valuable and important method, just at the conclusion, to 
employ a pair of dies m the place usually occupied by the tool , 
as they aie a satisfactory test for exact diameter, and they 
remove tiifling eirors attributable to veins and iiiegularities of 
the mateiial, which the fixed tool sometimes fails cntiicl} to 
reduce to the geneial surface The tool and backstay may be 
each considered to be built on the tops of pedestals more oi less 
lofty, and therefoie more susceptible of separation by elasticity, 
than the pair of dies fixed in a small square frame Sii J ohn 

Eobison has judiciously proposed, in effect to link the backstay 
and turning tool together by the employment of a small frame 
caiijing a semiciicular die of lignum vitie and a fixed turning 
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tool, adjusted by a pi essiire screw the fiame to be applied eitliei 
in the hand alone oi in the slide rest, and to be inveitcd, so tli it 
the shavings may f ill away without clogging the cuttei 

SECT VIII — VARIOUS MODES OV ORIGINATING AND IMPROVING 
SCREWS, INCLUDING THOSE OE RAMSDLN, MAUDbLAY, BARION, 
ALLAN, CLEMENT, AND OTHERS 

The improvement of the screw has given rise to many v iluahle 
schemes and modes of practice which have not been noticed m 
the foiegomg sections, notwithstanding their collective length 
These practices, indeed, could not consistently have been placed 
in the formei pages of this chapter because some of them must 
be viewed as refinements upon the general methods the eailiei 
notice of which would have been premature and others 
exhibit various combinations of methods pursued by diflfeient 
eminent individuals with one common object and aie therefoie 
too important to be passed in silence, notwithstanding then 
miscellaneous nituie 

To rendei tins section sufficiently complete it appears needful 
to take a blight retiospective glance of the early and the modem 
modes of oiigmatmg screws and screw apparatus some account 
of the foimei maj be found m the wiitmgs of Pappus, who lived 
in tlie foiutli centui} * 

Ihe progressive stages which may be supposed to have been 
foimerly m pictty geneial use for originating sciews, may be 
thus enumerated 

1 Ihe fiibt sciew tap may be supposed to have been made by 
the inclined templet, the file, and screw tool , it was impel feet in 
all lespocts and not truly helical but full of small iriegulaiitics 

2 Ihe dies formed by the above were consideiably nearer to 
peifection, as the multitude of pointed edges of 1, being passed 

^ Ihe author has been told by a classical friend that in the works of Pappus 
Alexandnnus a Greek mathematician of the fourth century are to be found 
1)1 ictical dnections for making screws 

Tho process is simiily to make a templet of thin brass of the foi rii of a right 
angled tiiauglo the angles of winch are made in accordance with tho molinitiou 
of the proposed sciew This tiiinglo is then to be wrapped lound the cylinder 
which IS to be tho desired sciew and a spiial line tiacod along its elge I lie 
screw IS subsequently to be excavated along this lino Minnie piattieal diiee 
tions aio given not only for c\ery step of this process but also for tho division 
setting out and shaping tlio teeth of a woim wheel of anyiequiiod numbei of 
teeth to suit the screw (Vide Pappi Math C >1 lib viii prob xvm ) 

I 1 2 
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through every groove of the die, the threads of the latter 
became more neail} equal in then rake or angle and also in 
their distances and foim 

3 The screw cut with such dies would much more lesemhle 
a tine helix than 1 but fioin the irregularities in the first tap, 
the orooves in the die 3 would necessarily be wide, and their 
sides instead of meeting as a simple angle, would be inoio oi less 
filled with ridges and 3 would become the exact counterpait of 2 

4 A pointed tool applied in the lathe, would coriect the foim 
of the thread or groove in 3 without detracting fiom its im 
proved cylindrical andhelical chaiacter especiallyif the turning 
tool weie giadually altered, from the slightly rounded to the 
acute form, m accordance with the progressive change of the 
sciew The latter is occasionally changed end for end, either 
in the die stocks or in the lathe, to reverse the direction m 
which the tools meet the woik, and which reversal tends to 
equalise the general foim of the tliiead 

5 The corrected screw 4, when conveited into a master tap 
would make dies gieatly superior to 2 it would also serve foi 
cutting up screw tools , and lastly, 

6 The dies 5 would be employed for making the oidinaiy 
screws and working taps , and this completes the one senes of 
screwing apparatus 

One original tap having been obtained, it is often made 
subservient to the production of others , for example a sciew 
tool, with several points cut over the collected oiiginal 4 would 
seive for striking in the lathe othei mastei taps of the same 
thread but different diameters The process is so much faci 
litated bj the perfection of the screw tool, that a clever workman 
would thus without additional correction, strike master taps 
sufficiently accurate for cutting up othei dies lai gci oi sinalh i 
than 4 Sometimes also the dies 6 aie used foi maiking out 
original taps a little larger or smaller than 4 

As a temporaiy expedient, the screw tool may be somewhat 
spread at the forge fire to make a tool a little coarser, oi it 
mavbe upset for one a little finer, and afteiwuds corieited 
with a file , or screw tools may be made entirely with the file, 
and then employed for produemg, in the lathe, master taps ot 
corresponding degrees of coarseness and of all diameters 

These are m truth some of the progressive modes by winch 
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under very careful management great numbeis of good uboful 
sciewing apparatus liave been pioduced and which answei per 
fectly well foi all the ordinary requnements of binding oi 
‘ attachment screws or as the cement by which the parts of 
mechanism and structuies generally are firmly united together, 
but with the powei of separation and reunion at pleasuie 
In this compaiatively nifeiior cliss of sciews, consideiable 
latitude of tion ma} be allowed, and whether oi not then 

pitches or latcs have any exact iclationship to the inch, is a 
mattei of indiffeience as regaids their individual usefulness but 
in supeiior screv^s, or those which may be denominated * regu- 
lating and ‘‘ micrometrical ’ screws, it does not alone suffice 
that the sciew shall be good m general character, and as neaily 
as possible a tine helix but it must also bear some defined pio 
poition to the standaid foot or inch, or other measure Ihe at 
tainment of this condition has been attempted in various ways, 
to some of which a biief allusion was made in the second sec 
tion, and a few desciiptive paiticulais will now be offered 



Ihe apparatus foi cutting original sciows b> means of a wedge 
or inclined plane, appears to be deiivcd from the old iuscc engine, 
a di xwing of winch is given m hg bl 0 , m pimciiile it is pcilcct. 
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and it IS also nniYersal witlrni the narrow limitation of its 
stiuctuie ^ 

The handle h gives lotation to the woik and at the same 
time by means of the lack tt and the pinion fixed on its axis, 
the handle traverses a slide which caiiies on its uppei smfacc a 
har i the lattei moves on a center, and may be set at any inch 
nation by the adjusting screw and divisions it is then fixed by 
its clamping sciews The slide s, cariies the tool, and the end 
of this slide rests against the inclined plane i, thiough the intei 
vention of a saddle or swing piece the slide and tool are di awn 
to the left hand b} the chain which is coiled round the barrel b, 
by means of a spiral spimg contained within it 

Supposing the bar i % to stand square oi at zeio, no motion 
would be impiessed on the tool duiing its ti ivcrse which we will 
suppose to require 10 revolutions of the pinion Butif thebai 
were inclined to its utmost extent, so that we may suppose the 
one end to project exactly one inch beyond thoother, m lefeionco 
to the zeio line or the pith of the slide then during the 10 le 
volutions of the screw, the tool would tiaveise one inch, oi the 
diffeience between the ends of the inclined bar ^ , and it would 
thereb} cut a screw of the length of one inch, or the total inch 
nation of the bai , and containing ten coils oi threads 

But the inclination of the bar is arbitiaiy, and may be any 
quantity less than one inch, and it miy lean either to the light 
01 left consequently the instiument may be employed in cutting 
all right 01 left hand screws, not exceeding 10 turns %n length 
nor ineasuiing an then total extent above one inch or the maxi 
mum inclination of the bar 

The principle of this machine may beconsidcied faultless but 
in action it will depend upon seveial niceties of construction^ 
paiticulaily the straightness of the slide and inclined bar 
the equality of the lack ind pinion and the exxet contact 
between the tool slide and the inclined pi me ihese difficulties 
augment veiy rapidly with the increxse of dimensions, and 

* The drawing is the half si/e of fig 1 plate xvn of heidmand BoithoiidB 
E sai sw L Horlogeoie Pans 1763 M Berthoud says The instrument is the 
most perfect with which I am acquainted it is the invention of M le Lievrc 
and it has been ] econstructed and improved hy M Gideon Duval The teinjilct 
or shaper plate determines the hyperholioal section of the fusee Plate 37 of 
Rees s Cyclopedia contains an engiavmg of a different modification of the fusee 
engine also with an inclined plane which is asciibed to Hindley of Yoik 



REID S SCREW ENaiNE RAMSDLN S DIVIDINC ENGINE 639 


piobibly the machine made by Mi Adam Reid exclusively for- 
cattmg screws is as laige as can be safel} adopted the inclined, 
plane is 44 inches long but the work cannot exceed incli 
diam inch long, oi ten threads m total length ihe ap- 
plication of the inclined plane to cutting screws is therefore 
too contiacted for the ordinary wants of the engineer, whicR 
are now admnably supplied by the sciew cutting lathes with, 
guide screws and cliange wheels 

The accuracy of screws has alwa 3 S been closely associated 
with the successful perfoimance of engines for graduating circles 
and right lines, and the next examples will be extracted from 
the published accounts of the dividing engines made by Mi 
Ramsden * 

* Tills eminent individual received a reward from the Board of Longitude upon 
the condition that he would furnish foi the benefit of the public a full account of 
the methods of constructing and using his dividing machines and which duly- 
appeared lu the following tiacts — Description of an Engine for dividing Mathe 
matical Instruments by Ramsden 4to 1777 Also Description of an Engine 
for Dividing Straight Lines by Ramsden 4to 1779, from which the following 
particulais are extracted — 

The circular dividing engine consisted of a large wheel moved by a tangent 
screw the wheel was 45 inches diameter and had 2160 teeth so that six turns 
of the tangent screw moved the circle one degree the screw had a micrometer 
and also a ratchet wheel of 60 teeth thcrefoie one tooth equalled one tenth of 
a minute of a dcgieo Ihe sciew could he moved a quantity equal to one single 
tooth or several turns and parts by means of a cord and treadle so that the 
circular woiks attached to the dividing wheel could be leadily graduated into the 
required numbois, by setting the tangent seiew to move the appiopriate 
quintitiGS the dividing knife oi diamond point always moved on one fixed, 
radial line by me ms of a swing frame 

In latching or cutting the wheel says Mr Ramsden the ciiole was divided 
with the greatest exactness I was capable of first into 5 parts and each of these 
into 3 those parts weie then bisected 4 times this divided the wheel into 240 
divisions each intended to contain 9 teeth The ratchmg was commenced at 
each of the 240 divisions by setting the screw each time to zero by its micro 
meter and the cutter frame to one of the :great divisions by the index the 
cutter was then pressed into the wheel by a screw and the cutting process 
was inter! upted at the nintJi revolution of the sciew It was resumed at the 
next 24 Otb division (oi nine degrees off) as at first and so on 

This piooess was lepeatcd three times round the circle after which the ratchmg 
was continued iminteriuptedly aiound the wheel about 300 times this completed 
the teeth with sitiaf leioiy accuracy The tangent screw was subsequently made 
as explained in the text 

Iheyi? Ht ipplicitxon of the tangent screw and latohei to the purposes of gradix 
ation ai)])eairt to have been in the machine for cutting cloek md witch wheels by 
Pieirc Tardoil see plate 23 of ihiouts ic &o Pans 1711 At 
page 55 is given a tiblo of ratchets and settings for wheels irom 102 to 800 teetli 
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In Mr Eamsden s description of his dividing engine for 
circles, he sajs ‘Having measured the circumference of the 
dividing wheel I found it would require a screw about one 
thiead in a hundied coaiser than the guide screw He goes on 
to explain that the guide screw moved a tool fixed in a slide 
carefully fitted on a triangular bar an arrangement equivalent 
to a slide rest and fixed tool the screw to be cut was placed 
parallel with the slide, and the guide screw and copy were con 
nected by two chinge wheels of 198 and 200 teeth (numbers m 
the proportion required between the guide and cop^) with an 
intermediate wheel to make the threads on the two screws in 
the same diiection no account is given of the mode in 

\\hich the guide sciew was itself formed, it is to be presumed 
it was the most coirect sciew that could be obtained and was 
pioduced by some of the means desciibed in the beginning of 
the piesent section 

Ml Ramsden employed a more complex apparatus m origi 
nating the screw of his dividing engine for straight lines, which 
it was essential should contain exactly 20 thrc^-ds in the inch , 
a condition uncalled for m the ciicular engine, m which the 
equality of the teeth of the wheel required the piincipal degree 
of attention This second screw cutting appaiatus which may 
be viewed as an offspring of the ciicular dividing engine, is 
lepiesentcd in fig bll, and miy be thus bricfl} ex 

plained 



The guide sciew G is turned lound by the winch, md in each 
revolution moves the laigei tangent wheel one tooth, the 




RAMbDl^N’s SCREWCUTTING rNGI^ES ETC Gil 

tangent wheel h is a small central bobS oi pulley jp to winch is 
attached the one end of an elastic slip of steel, like a watch 
spiing the other end of the slip is connected with the slide s 
that cariies the tool t, m a right line beside the screw 0, which 
lattei is the piece to be cut and C, is connected with the guide 
screw G, by a hevil pinion and wheel g and c, as L to 6 

To pioportion the traverse of the tool to the interval or pitch 
of the sciew two dots weie made on the slide 5 , exactly five 
inches asunder , and in that space the sciew should contain 1 00 
coils to be brought about by GOO turns of the handle The 
guide sciew was moved that number of revolutions and the 
diameter of p, was reduced by trial, until the 600 turns traversed 
the slide exactly from dot to dot these points were observed 
at the time through a lens placed in a fixed tube, and having 
a fine silver wire sti etched diametrically across the same as an 
index * 

The late Mr Heniy Miudslay, de\oted an almost mci edible 
amount of labour and expense, to the amelioration of screws and 
sciewmg appaiatus winch as regaided the works of the mill 
wiight and engineer, were up to that time in a vei} imperfect 
state With the view of producing sciews of exact values, he 
employed numeious modificitions of the chain or band of steel, 
the inclined knife the inclined plane and indeed each of the 
known methods which however he remodelled as additions to the 

* See ‘ Description of an rnoine for Dividing SiraigUt Lines piges 13 to 16 

In tlio consti notion oi Ins dividing cngiuo for straight lines Eainsdon voiy closely 
followed his prior nnohine foi ciicular lines if we conceive the wheel spioadont as 
a rectilinear slide On the one edge of the mam slide which cairied the work was 
cut a screw form rack with twenty teeth per inch which was moved by a short fixed 
screw of the same pitch by moans of ratchots of 50 48 or 32 teeth respectively the 
screw could be moved a quantity equal to one single tooth or to several turns and 
parts by means oi a treadle To obtain divisions which were incompatible with 
the subdivision of the inch into 1000 960 or 640 parts the respective values of one 
tooth the scale was laid on the slide at an mgk to the direction of motion when 
the swing frame was placed to traverse the Imfc at right angles to the path of the 
slide the graduations weie lengthened when the hnift was traversed at right 
angles to the oUiqm position of the scale hemg divided they were shoitened This 
was to a small degree equivalent to having a screw of vaiiablc length In cutting 
the screw form teeth of the lectilmcar dividing engine the eiitno length, namely 
25 C inches was first divided vciy carefully by continual bisection into spaces of 
eight tenths of an inch by h ind as usual and the screw cuttei w m x>lacod at zero 
at each of these divisions jiresscd into the edge of the slide and revolved 
sixteen times if tor three rcxiotitions at each of the piiiicix)il spaces the entne 
length was ratched continuouHly until the teeth wore completed 
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ordinaiy turning lathe with a tiiangulai har, a natural result 
as he was then in the frequent habit of consti acting that 
machine and which receiyed gieat impiovement at his hands 
It was noticed at page 581, that of all the methods he gave 
the preference to the inclined knife applied against a cylinder 
revolving m the lathe, by means of a slide lunning upon the bai 
of the lathe which besides being very rapid, reduced the 
mechanism to its utmost simplicity This made the process to 
depend almost alone on the homogeneity of the materixls, and 
on the relation between the diameter of the cylinder and the 
inclination of the knife , whereas in a complex machine eveiy 
part concerned in the ti ansmission of motion such as each axis, 
wheel and slide, entails its risk of individual error, and may 
depieciate the accuracy of the result, and to these sources of 
disturbance must be added those due to change of temperature, 
whcthei aiismg from the atmosphere or from friction, especially 
when different metals are concerned 

A rod of wood, generally of aider and about two feet long, was 
put between the centers and reduced to a cylinder by a rounder 
or ivitcliet (fig 313, p 487), attached to a slide running on the 
bar , the slide with the inclined knife was then applied, and the 
angle of the knife was gradually varied by adjusting sciews, until 
several screws made in succession, were found to agree with 
some fixed measure The experiment was then repeated with 
the same angle upon cylinders of the same diameter, of tin, 
brass, and other comparatively soft metals, and hundreds or 
it might almost be said, thousands of sciews were thus made 
Fiom amongst these screws were selected those which, on 
tiial in the lathe, were found to be most neaily tiue in then 
angle or to hai e a quiescent gliding motion and which would 
also best enduie a stiict examination as to then pitch oi mtoi 
vals, both with the rule and compisses aid also when twowcic 
placed side by side, and their respective threads weie compared, 
as the divisions on two equal scales 

The most favourable sciew having been selected, it was em 
ployed as a guide screw in a simple apparatus winch consisted 
of two triangular bais fixed level, parallel, and about one foot 
asunder, in appiopriate standaids with two apeituies the one 
bir cniiecl the mandrel uid popit heads as m the ordinary bar 
lathe lire slide rest embraced both bars, and was traversed 
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thereupon by the guide sciew placed about midway between the 
bais the guide sciew and mandiel weie geneially connected by 
thiee wheels or else by two oi four, when the guide and cop} 
were required to have the leveise direction The mandiel was 
not usuall} diiven by a pulley and cord but on the extremity 
of the mandrel was fixed a light wheel with one arm serving as 
a winch handle for rapid motion m lunmng back, and six or 
eight ladial aims (after the manner of the steeimg wheels of 
luge vessels ) by which the mandrel and the screw were slowly 
handed lound during the cut 

In a subsequent and stionger machine the bar cariymg the 
mandiel stood lower than the other, to admit of larger change 
wheels upon it, and the same diiving gear was retained And 
in anothei structuie of the screw cutting lathe, Mr Maudshy 
placed the tiiangulai bai for the lathe heads in the center, 
whilst a large and wide slide plate, moving between chamfei 
bars attached to the fiaming cairied the sliding rest for the 
tool in this last machine, the mandiel was diiven by steam 
powei and the retrograde motion had about double the velocity 
of that used in cutting the sciew Indeed these machines may 
be fxiily consideied to be the precursois of the piesent screw 
cutting lathes, in which the detached tiiangulai bars oi slides 
have been exchanged for one stiong beaiei with two iidges or 
fillets, upon which the slide plate moves foi guiding the travel se 
of the tool 

The iclaiions between the guide sciew and the copy weic 
vaiicd m all possible ways the guide was changed end foi end, 
OI diflcicnt paitb of it were successively used sometimes also 
two guide SCI ews were yoked together with three equal wheels, 
their nuts being connected by a bar jointed to each, and the 
center of tins link, (whose motion thus became the mean of that 
of the guides ) was made to travel se the tool Steel screws were 
also cut and converted into original taps, fiom winch dies were 
made to be themselves used in correcting the minor errois, and 
lendci the screws m all i espects as equable as possible In fact, 
every scheme that he could devise, which appealed likely to benefit 
the result, was carefully tiied m older to peiicct to the utmost, 
the helical chaiacter and equality of subdivision of the sciew 

Ml Maudslay succeeded by these means, aftei gieat poise 
veiance, in making a very excellent biass screw about seven 
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feet long, and which, compared with standard mcasuic, was 
less than one sixteenth of an inch false of its nominal length 
iakmg the eiror as the one thousandth pait of the total length 
of the screw, which was beyond its real quantit} , to make liom 
it a coriected screw by the system of change wheels would 
have required one wheel of 1000 teeth andanotliei ot one tooth 
less, or 999 but in reality the erior was much less, ind peiliaps 
nearer the two thousandth of an inch , then the wheels of 2000 
and 1999 teeth would have been required consequently the 
system of change wheels is scarcely apphe ible to the collection 
of very minute errors of length 

The change of the thousandth part of the totxl length, was 
therefore given to the tool as a supplcmcntaiy motion, which 
might be added to oi subtracted fiom the total tiaveisc of the 
tool in the mode explained by the diagiam, fig 012, in which 
all details of construction aie purposely omitted Ihe copy C, 
and the guide screw G, aie supposed to be connected by equal 
wheels in the usual manner, the guide sciew caiiies the a\is of 
the bent lever, whose aims are as 10 to 1, and winch moves in a 
horizontal plane the short arm carries the tool, the long aim ib 
jointed to a saddle which slides upon a tiiangulai b n i 

0 

G 


In point of fact, the tool was mounted upon the uppci of 1 \no 
longitudinal and parallel slides, which weie collectively travel bed 
by the guide sciew G In the lower slide was fixed the axis oi 
fulcrum of the bent le\er, the short aim of which was conm ( Ud 
by a link with the upper slide so that the compensating motion 
was given to the upper slide relatively to the lower 

The triangular bar ^ when placed exactly parallel with the 
path of the tool would produce no movement on the same, and 
C, and G would be exactly alike, but if % were placed out of 
parallelism one inch m the whole length, the tool, duimg its 
traverse to the left by the guide screw G, would be moved to 
the light by the shifting of the bent lever one tenth of the 
displacement of the har, or one tenth of an inch 
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Tlieiefoie whilst the guide screw G, from being coaisei than 
reqimed, moved the pimcipal slide the one thousandth put of 
the total length in excess , the bent level and inclined st7a%glit 
hai i % pulled back the uppei oi compensating slide, the one 
thousandth part, or the quantity in excess making the absolute 
ti aveise of the tool exactly seven feet, oi the length lequired foi 
the new screw C mstexd of seven feet and one sixteenth of an 
inch the length of G To have lengthened the tiaverse of the 
tool the bai % ^ must have been inclined the leverse way m othei 
words, the path of the tool is in the diagram the differ ejice of the 
two motions in the reverse inclination its path would be the sum 
of the two motions and ^ ^ being a straight line, the correction 
would be evenly distributed at every part of the length ^ 

Whilst Mr Maudslays expeiiments in perfecting the screw 
were being earned on his friend Mr Barton I* paid fiequent 
visits to his manufactory and also pursued a similar conise 
Mr B u ton piefeired, however, the method of the chain oi flexible 
band for trxvei sing the tool the exact quantity, because the 
reduction of the diametei of the pulley or dium, afforded a veiy 
leady means of adjustment foi total length and all the wheels 
of the mechanism being individually as perfect as they could 
be made a neai approach to gencixl pcifection was natuially 
anticipated on the fiist tiixl Tins mode, however is subject to 
the ciioi nitioduced by the clisticity oi elongxtion of the chain 
01 b uid, and which is at the maximum when the greatest length 
of chain is uncoiled from the band 

These two individuals having theiefoie anived, by diffeieut 
methods as neai to pcifection as they were then lespcctivdy 
capable of, each made a screw of the same pitch, and 15 
inches long, and the two when placed side by bide wcie found 
exictly to agree throughout their length, and were consideied 
perfect Ihe two sciews were submitted in 1810 to the 
sciutiny of that celebiated mathematical instiument makei,thc 
hte Ml Edw Tioughton F E b , &c , who examined them by 
moans of two powerful microscopes with cioss wncs, such as ai e 
used foi loading off the gi xduations of astronomical instiuments 
applied like a pair of the most refined compasses, to mcasui c the 

^ I ho nioparituB wis fitted to tlio second screw lathe of thoBO dcscubod and 
the inclmi d Ini wis placed on tcmpoiary wooden siwnlaidB 

I feubsoipxci tly Sii J P 11 ton Compiiollor of ihe Mmt &c 
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equality of some 20, 50, or 100 threads, taken indiscriminately 
at diffeient parts of the length of the sciews * From this 
severe trial it resulted, that these screws which to the unassisted 
sight and for almost every purpose of mechanism weie unexcep 
tionable were found to he full of all kinds of errois, being 
unequally coaise at diffeient pxrts, and even irregulai in then 
angles, or ‘ drunk This rigid scrutiny led both parties to 
flesh and ultimately successful efforts, but of these our limits 
will only allow us to notice one apparently deiivcd fioin the 
use of the two microscopes 

Ml Barton employed two pairs of dies upon the one sciew 
the dies were fixed at vaiious distances asundei upon one frame 
01 bar and the screw was passed thiough them This was found 
to distribute the minute errors so completely, that little it 
m lined to be desiied as it is obvious that at those paits wliei o 
the screw was too coarse, the outer sides of the thieads weie 
cut, and which tended to shorten the screw , and wheie it was 
too short, the inner sides were cut, which tended to lengthen the 
screw in fact the two parts temporarily situated within the dies, 
were continually endeavouring to approximate themselves to 
the fixed unvarying distance, at which the dies weie foi the 
time placed t 

Mr Maudslay did not restriet his attention to the coriectioii 
of the screw for the purposes of science,! but he also elfeded a 
great many improvements in the system of taps and dies by 
which they were made to cut instead of squeeze as to him ai c 
due the introduction of the thiee cutting edges and the division 
of the taps into the senes of three, namely the entering oi 
taper tap the middle and the plug tap by which shallow holt s 

* The microscope had been long used m the process of graduating instrumcntH 
but this invaluable mode of employing two microscopes in combination was fa st 
successfully practised by Mr Troughton 

f Mr Barton informed the author that he employed the sciew conocted in the 
above manner in his engraving machine employed foi cutting with the diamond 
the lines as fine as 2000 in the inch on the steel dies refeii ed to m the note on 
42 vol 1 and he said that such was the accuracy of the mechanism that if a Imo 
were missed the machine could be set back foi its insertion without my diJQTeionc o 
being perceptible The author unintentionally ascribed the first application of 
the diamond to turning steel to Sir John Barton (see note page 179 vol i ) 
whereas it had been used long before by Ramsden m cutting the haidontcl 
steel screw for his rectilinear dividing engine See his tiact pages 14 15 

t The accuracy of a screw cut by Mr Maudslay and employed in Mr Donkin s 
lectilinear dividing engine is indisputably shown at page 654 of this volume 
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or dead holes, in cast non, can he safely tapped with full 
tliieads, a matter before impossible 

Tins engineer also made a series of taps, from six inches 
dnmetei, foi attaching the pistons of steam engines to their 
piston lods, to the smallest used in screw plates for watch woik 
Ihe diameteis of these taps were deriyed from the ordinal y 
subdivision of the inch into eighths and sixteenths, and their 
tine ids were jointly determined by the respective strength of 
each screw and the choice of defined rates, such as d 3j 4 4j, 
6 8 cl;C , threads per inch To have employed one constant 
angle or piopoition between the diameter and pitch would have 
iiitioduced many fractions into the rates of pitch, and an me 
gularity of strength in the screws themselves The formation of 
these taps was rendered comparatively easy, after he had intio 
duced the tiue original screw and the system of change wheels, 
as a common piactical apparatus, many copies of these sciew 
threads have found their way to other workshops, and have 
served to influence the consti action of similar tools of vaiious 
piopoitions 

Indeed, I believe it may be faiily advanced, that duiing the 
peiiod fioin 1800 to 1810, Mi MaudsHy effected nearly the 
entile chinge fiom the old, impeifect, and accidental piactice of 
sciew making rcfeiied to at page 635 to the modern, exact 
and systematic mode now generxlly followed by enginteis, and 
he puisued the subject of the screw with more or less ardour, and 
at an enormous expense, until his death in 1835 The lesults 
have been so important, and aie so well appreciated amongst 
mechanical men geneially, that they may be considered fully 
to deserve the shoit digiession to which they have led 

In 1816, Ml Allan was rewarded by the Society of Aits for 
his method of cutting micrometer screws with dies the repie 
sentation and description of the instrument will be found at page 
582, wheie it is shown in the act of cutting an original screw with 
an inclined knife Micrometer screws are cut in this apparatus 
much in the same manner, except that about one third of the 
thread is cut with the large die, fig 535 the inner cuivatuie 
of which agrees with the curvature of the blank cylindci and 
the screw IS finished with the smaller die, 536, cut by an original 
of the same diameter as the finished screw The piece pre 
pared foi the sciew must always have two cyliiicliical ends to 
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fit the semicircular healings h b this arrangement prevents the 
sciew from being bent in the process of cutting but which 
latter operation is accomplished entiiel} with the dies * 

About the yeai 1820, Mr Clement devised and put in piactice 
a peculiar mode fororiginating the guide screw of his sciew-lathe, 
the steps of which plan will be now described 

1 He proem ed fiom Scotland some hand screw tools cut 
over a hob with concentric grooves and to iiEevent the iidges 
01 points of the screw tools, from being cut sqiiaie across the 
end the rest was inclined to compensate for the want of angle 
in the hob or cutter 

2 A br xss sciew was struck by hand, or chased with the tool 1 

S Ihe screw 2, was fixed at the back of a travel sing inandicl, 

and clipped between two pieces of wood or dies to serve as a 
guide, whilst 

4 A more perfect guide sciew was cut with a fix( d tool, and 
substituted on the mandrel for S as Mr Clement considcicd 
the movement derived from the opposite sides of the one sciew 
became the mean of the two sides, and coirected my iiiegu 
larities of angle oi of drunkenness 

5 A large and a small master tap m, fig C13, were cut on the 
traversing mandrel with a fixed tool, the threads were about an 
inch long, and situited in the middle of a shaft eight or ten 
inches long the small mastei tap was of the same diamctci as 
the finished screw, the large mastei tap measured at the bottom 
of the thread the same as the blank cylinder to be sciowed, as 
in figs 572 and 576, page 600 The master taps m, wcie used 
in cutting up the rectangular dies requiied in the apparatus 
shown in fig 613, and now to be described 

6 On the paiallel bed of a lathe, wcie fitted two standards or 
coll 11 heads h li intended to recene the pivots of the scu w to 
be cut, on the extieniity of which was placed i winch hindlc or 
sometimes an mteimediate socket was mtciposcd between tlu 

* Mr A Ross considers tliab the friction of Mr Alliii B app u atuH is *ipt to i otird 
the traverse of the screw and therefoie to cut the bottom of the thread too wide oi 
rounding In his piactice he uses the large and sm dl dies for i shoi t pci lod it the 
commencement and conclusion of the process but he cuts out the iniucipal bull of 
ihe material by a fixed tool inserted within a radial mortise m a somiciiculai 
die the copper is indented more and more with the pi ogress of tlu woik 
and serves as an efiSicient guide whilst the cutting is accomphshc d with consul ci ably 
less friction and in a superior manner by the cutter or turning tool 
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screw and the winch, to carry the latter to the end of the bed 
The bed had also an accurate slide plate s s' running freely upon 
it, the slide plate had two tails which passed beside the head h 
and at the other end a projection through which was made a 
transverse rectangular moitise for the dies, the one end of the 


Fig 613 



mortise is shown by the removal of the front die d and the back 
die d' IS seen in its propei situation one extremity of each die 
was cut from the laige master tap m, and the other from the 
small I he clamp or shackle c c' was used to close the two dies 
upon the screw simultaneously it is shown out of its true posi 
tion in ordei that the dies and mortise may he seen, but when in 
use the shackle would be shifted to the right, so as to embrace 
the dies d d The plain extremity c' rested against the back die, 
whilst the screw c bore against the front die, th louh the inter 
vention of the washer loosely attached to the clamp to save 
the teeth from injury , the pressure screw c had a graduated 
head and an index, to denote how much the dies weie closed 

7 A cylinder about two feet long, prepared for the screw, 
was placed between the heads h h', and the large dies whose inner 
edges were of the same diameter as the cylinder were closed 
upon it moderately tight, and the screw was turned round with 
the winch to trace a thread from end to end, this was lepeated 
a few times, the dies being slightly closed between each trip 

8 A sciew tool was next fixed on the slide s s', in a chamfer 
slide 1 1' with appropriate adjusting screws so as to follow the 
dies and remove a shaving, much the same as in turning , the 
dies having arrived at one end of the screw the same screw 
tool, or a second tool, was placed on the opposite side of the 
slide plate, so as to cut duiing the return movement With 
the piogiess of the sciew the screw tool was applied at a 

ij u 
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variety of distances from the pan of dies, as well as on opposite 
sides of the screw so that the metal was cut out by the tool, and 
the dies were used almost alone to guide the traverse Of course 
the dies were closed between each trip and when the screw was 
about half cut up, the small dies weie substituted for the laige 
ones used at the commencement of the process 

9 The screw thus made, which was intended for a slide rest 
was found to be very uniform in its thread, and it was used 
for some time for the oidmary purposes of turning When how 
evei it was required to be used for cutting other screws, it was 
found objectionable that its rate was neaily nine, whereas it 
was required to have eight threads per inch it was then used 
in cutting a new guide screw by means of a pair of change 
wheels of 50 and 56 teeth, which upon calculation weie found 
to effect the conveision with sufficient precision 

10 From 9, the sciew of 24 inches in length, one of 8 feet 
m length was obtained , the tliiead was cut one third its 
depth, with the wheels, successive poitions being operated upon, 
and the tool being carefully adjusted to the teimination of the 
part pieviously cut The general truth of the entiie length was 
given by a repetition of the tedious mode of coriection repre 
sented in the figuie, with the dies and tool applied upon a bearer 
rather exceeding the full length of the screw ^ 

Although the processes 7 and 8 will pioduco a most uniform 
sciew, Mr Clement attaches little importance to the use of the 
dies and guide frame alone when several screws are wanted 
strictly of the mme length Of some few thus made, as nearly as 
possible under equal circumstances, two screws were found veiy 
nearly to agree, and a third was above a tenth of an inch longer 
in ten inches This difference he thinks to have arisen in mark 
mg out the threads, from a little variation m the friction of the 
slide, or a difference in the first penetration of the dies 

The friction of the slide, when sufficient to cause any retard 


^ Mr Clement also made a very superior steel screw of about five feet in length 
and three inches diameter precisely by the method 10 before he had completed the 
screw lathe he now commonly uses and Mr Whitworth follo^^ ed precisely the 
same method m obtaining his standard screw of about the length of 24 feet and 
half inch pitch except that a clasp nut was used instead of the dies It was 
pioduced from a short screw cut hy Mr Clements the correctional process 
occupied two months and was earned on with a most strict regard to avoid the 
uneqLual expansion of the screw and apparatus employed upon it 
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ation, he considers to prodace a constant and accumnlatwe 
effect, fiist as it weie, leduoingthe screw ot 15 tliieads per 
inch siy to the fineness of 16:^ then acting upon that of 15|- 
reducing it to 15 J and so on, and that to such an extent, as 
occasion illy to place the screw entirely beyond the conectional 
piocess This cinnot he the cise when the tl read is first 
mail ed out with the change wheels, instead of the dies 

One \eiy impoitant application of the screw, is to the gradua- 
tion of mathein itical scales, the screw is then employed to move 
a platfoiin, which slides veiy freely, and carries the scale to be 
giaduated , and the swing frame for the knife or diamond point 
lb attached to some fixed pait of the framing of the machine 
Supposing the screw to be absolutely peifeot, and to have fifty 
threads pel inch successive movements of fiftyrevolutions would 
moie the platform and giaduate the scale exactly into tiue 
inches but on close examination, some of the graduations will 
be found to exceed and others to fall shoit of the true inch 

The scales assume of couise, the lelative degree of accuracy 
of the sciew employed No test is more sevei e and when these 
scales are examined by means of two micioseopes under a mag 
mfjing power of ten oi twenty times the most minute eiiors 
become abundantly obvious, fiom the divisions of the scales fail 
mg to intersect the cioss wires of the instrument the lesult 
cleaily indicates coirespondinguregulaiities in the coarseness of 
the screw at the respective paits of its length An accustomed 
eye can thus detect, with the microscope, diffeicncesnot exceed 
ing the one thirty thousandth part of an inch, the twenty five 
thousandth part being comparatively of easy observation 

From Mr Donkin s investigation of the subject, he was led to 
conclude that it is guite impossible to pioduce a screw which 
shall be absolutely free from erroi,when micrometrically proved , 
and in 1833, he was m conseq,uence led to consider that as Mr 
Maudslay s method of the bent lever and inclined straight bai 
would compensate the error of total length m a neaily peifeot 
sciew a similai mode might be applied to all the intermediate 
errors, by the employment of a cwve expeiimeutilly obtained by 
the method of continual bisection employed in hand dividing 

It having been explained in refeience to the diagram on page 
014 that the inclination given to the bai ^ % would icduoc tlie 
effective length of a screw, and the leverse mclinatioii would 

XT u 3 
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increase it. Mi Donkin considered tkat fiom tlie observed fact 
of one half of tbe sciew, (as estimated by counting the number 
of threads ) being generally too coarse, and the other half too 
fine, the compensation would requiie the one half of the bar^^, 
to be inclined to the right as in the diagiam, and the other half 
to the left 111 fact thus bending the light line into an obtuse angle 

Extending this inode, upon the presumption that the quarteis, 
eighths, or sixteenths, of the sciew were also dissimilai, the 
bar would requiie many flexures instead of the one only, giving 
to it a more oi less zig zag charactei, oi rather that of a gentl} 
undulating line Ihe undulations being propoitioned 
mentally to effect such compensaiions, as should add to the 
movement of the upper platfoim oi supple mental y table, wheie 
the sciew was too fine, and sahtiact fiom its motion, where the 
sciew was too coaise , so as, fiom a screw known to be slightly 
irregulai, to produce the divisions of a scale, or the thread of 
another scicw consideiably neaier to equality 

He cairied out this pioject m 182b, and he has satisfactorily 
pioved the existence of a coiiectional method, which is within 
reach of any clevei woikmanwho will devote sufficient 
to the adjustment of the engine, and which lattci will be now 
briefly explained 

Mr Donkins dividing machine consists fiist of a table or 
platfoim moving on a railway, the platform being supported by 
four or any greater number of wheels that may be lequircd 
for preventing flexure and for diminishing fiiction ihe upper 
edges of the two rails on which the wheels turn, are made as 
perfectly stiaight as possible, the rails he in the same horizonal 
plane , and they are placed at any convenient distance from 
each other Ihe table or platfoim is guided laterally in its 
course upon the rails by four wheels, of which two aie placed 
on each side of one of the rails, two wheels turn on fixed axles 
on one side of the rail, whilst the two on the other side aie 
held tight to the lail by means of springs, thus pi eventing any 
deviation fiom the rectilinear course m which the platform 
ought to tiavel To the under side of the platform is attached 
a clasp nut, the two parts of which aie so constiucted, as to be 
applied to, or separated from the main sciew, which lies below 
the platform, and is exactly parallel with the lails, oi with the 
line in which the platform is made to move 

To effect the compensation, the platform oi tabic consists 
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of an upper and lower plite wliicli are capable of a small inde 
pendent motion The lower plate canies the fulcrum of the 
bent lever, whose aims are at right angles and as fifty to one, the 
lever moves m the veitieil plane, so that its longer arm lies by 
giavity alone on the curvilineai edge of the compensation bai the 
upper platfonn is pressed endlong against the shoiter aim of the 
bent level, by a spring which alwaj s keeps them in close contact 

The attachment of the two platfoimsis peculiai the upper, 
iides upon four i oilers or r ither sectors, and the two plates aie 
connected by two slight rods placed transversely between them, 
the ends of the rods are fixed over the one rail to the lower, and 
over the other rail to the upper platform , the bars consequently 
fulfil the office of the radius bars of a parallel rule, and suffice 
by their flexure alone, for the very limited and exact motion 
requiied m the upper table 

The compensating bar which is of the length of the screw or 
24 inches, has 48 naiiow slips of metal placed like the keys of 
a piano foite, each having an appropriate adjusting and fixing 
sciew, by which the ends of the pieces may be placed in a con 
tinuous line oi any of them m\j be placed above oi below the 
line as requiied in the following mode of compensation For 
change of tot xl length and adjustment foi tempeiatnre the curved 
bn lb more or less inclined, as in the foimei example except 
that it lb placed edgeways or verticxlly , it is attached to the out 
side of one of the rails, by a pivot which intersects the one end 
of its cuivilmeai edge, and the other end is laised oi depressed 
by a screw, which effects the adjustment foi tempeiature 

Conceiving the length of the guide sciew divided into 48 
equal paits denoted by the figuies 0 to 48 it would be first 
ascei tamed by two fixed microscopes if the halves of the screw, 
iiicasuied from 0 to 24, and from 24 to 48, were absolutely 
equal quantities if not, the central slip oi finger would be 
laised 01 lowered until on repeated tiials the due coiiectional 
movement was applied to the table The two halves would be 
similaily bisected and corrected m the points 12 and 36, and 
the quaitcrs again bisected in G, 18 30, and 42 and the 
eighths when also bisected, would extend the examination to 
the points 0, 3 0, 9 Ac , to 48 The easiest method is to com 
pare the path of the slide, with the divisions of a supeiior scale, 
fixed upon the slide oi plxtform of the machine 

It would now be needful to divide the whole into three paits, 
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by tlie coEQparisoB of the spaces fiom 0 to 16 from 1C to 82, 
and from 32 to 48, the points 16 and 32 being adjusted until 
exactly equal, which is the most difficult part of the woik and 
then these three distances being bisected four times, eyery 
point of the 48 would have been examined, and some ot them 
twice over These adjustments having been repeatedly veiified, 
during which a veiv frequent recuirence to the total length is 
imperative , the concluding step is to file off the corners of the 
48 slips very carefullj , so as to convert them into a line with 
undulations, slight it is tiue, but which represent fifty fold the 
actual errors in the guide screw , and therefore shift the table 
simultaneously with its geneial traverse so as to apply the 
exact coirections for inequality, at every point examined and 
found to be in error 

But the teim ef^oi must be received in a vcij restricted sense, 
as it deserves to be noticed, that Mr Donhin fiist used a sciew 
made by Mr Maudslay, and the maximum deflection of the 
cuived edge of the compensation bai fiom a stiaight line was 
very neaily the eighth of an inch, indicating the maximum e^ior 
of the screw to have been about the 400th part of an inch and 
as the curve was neaily limited to a single undulation oi a hill 
at one end, it may be piesumed this minute erioi wis in part 
attiibutable to a difference in the material, a souice of pc ipkxity 
from which no care is a sufficient pi otection Ihe dividing engine 
was employed as a tiaversing lathe m euttmg a new sciew, and 
which although it had the advantage of the compensation, only 
reduced the eiror of the new screw to about one thud the 
quantity of that of the fiist , as shown by the new eui ve assumed 
b} the compensation bai its deflection being of an inch, when 
le adjusted in the tedious and anxious method dtsciihed * 
Having at length concluded the remarks on some of the most 


* In tUe year 1842 Mr Donkm made a similar but oiiHrged dividing oiifeiiio 
The length of traverse of the new machine is 42 inches the screw has 40 threads 
m the inch the compensation bar is as 60 to 1 and the value of one single tooth 
in the counting wheel is equivalent to the 60 000th part of an inch that of the 
first machine having been the 30 000th part 

It is to be regretted that Mr Donkin did not complete his labours by publishing 
a detailed account of these machines the lattei of which in pariicul ir c \hibits 
throughout its structure a most refined contrivance and execution oL ■which no 
adequate idea can possibly be conveyed withm the limits of this si ndcr notice 
noi without exact drawings of the details to the airangement of which groat 
attention has been bestowed 
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1 efined and scientific efforts that have been employed in pro 
ducing and peifectioning the screw, I shall in the next and con- 
cluding section of this aheady extensive chapter, proceed to the 
discussion of a variety of important consideiations and con 
ditions which practically influence the proportions, forms, and 
generil chaiacter of screws, to adapt them to multifaiious pur 
poses in the mechanical and constructive arts 


SrCT IX — SCREW THREADS CONSIDERED IN RESPECT TO THEIR 
PROPORTIONS, FORMS, AND GENERAL CHARACTERS 

The proportions given to screws employed for attaching 
together the different paits of work, are in nearly every case 
aihitrary or m othei words, they are detei mined almost by 
experience alone rather than by rule, and with little or no aid 
from calculation, as will be shown 

In addition to the oidmary binding screws, which although 
aibitraiy, assume propoitions not far distant fiom a general 
a\crage mxny screws either much coaisei or finei than usual, 
aic continually lequiied for specific pui poses as aie likewise 
othei screws of some definite numbers of turns per inch, as 
10 12 20, &c , in oidei to effect some adjustment or movement 
having an immediate lefcience to oidmaiy lineal measuie 
Entail these must be consideied as still moie distant, than 
common binding sciews, fiom any fixed piopoitioiis, and not to 
be amenable to any rules bejond those of general expediency 
Neither the pitch, diameter, nor depth of thread, can be 
adopted as the basis fiom which to calculate the two other 
measures, on account of the different modes in which the three 
influence the effectiveness of the screw, nor can the proportions 
suitable to the ordinary | inch binding screw, he doubled for the 
1] inch screw, or halved for that of f inch, as eveiy diameter 
requires its individual scale to be determined in great measure 
by experiment, m Older to produce something like a mean 
piopoition between the dissimilar conditions, which will be 
separately explained m various points of view 

The reasons foi the unceitamty of measure in the various 
fixing screws required in the constructive aits, are sufficiently 
manifest, as fiist, the foicc or strain to which a sciew is exposed, 
cithci m the act of fixing, or in the office it has afterwaids to 
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peiform can larely “be told by calculation, and secondly, a 
knowledge of the strain the screw itself will safely endure with 
out breaking in two, or without drawing out of the nut is 
equally difficult of attainment nor thirdly can the deduction 
for friction be truly made from that force the screw should other 
wise possess, from its angle or pitch, when viewed as a mecha 
meal power, or as a continuous circular wedge 

The force reqmied m the fixing of screvs takes a very wide 
range, and is faintly indicative of the stiain exerted on each 
The watchmaker, in fixing his binding screws employs with gieat 
delicacy a screw driver the handle of winch is smaller than an 
ordinary drawing pencil while for screws, say of five inches 
diameter, a lever of six or seven feet long must be employed by 
the engineer, with the united exertions of as many men But 
in neither case do we arrive at an} available conclusion, as to 
the precise foice exeited upon, or by each screw, nor of the 
greatest strain that each will safely endure 

The absolute measures of the strength of any individual screw 
being therefore neaily or quite unattainable all that can be done 
to assist the judgment, is to explain the relative or compai ahie 
measures of strength in different screws as determined by the 
three conditions which occur in eiery screw, whether it be light 
or left handed, of single or of multiplex thread or of any section 
whatever, and which three conditions follow difei ent laws, and 
conjointly^ yet oppositely determine the fitness of the screw for 
its particular purpose, and therefore tend to perplex the choice 
The three relative or comparative measures of strength in dif 
fereiit screws are fiist the mechanical power of the thread, which 
IS deiived from its pitch secondly the cohesive strength of the 
holt, which IS derived from its transveise section , and thirdly, 
the cohesive strength of the hold, which is derived from the mtei 
placement of the threads of the sciew and nut 

These conditions will be first consideied, principally as regards 
ordinary binding screws and screw bolts and nuts, ot angular 
threads, and which indeed constitute by far the largest numbei 
of all the screws employed, screws of angular and square thicads 
Will be then compared 

The comparative sections, figs G14 to 617 represent sciews of 
the same diameters, and in all of which the depth of the thread 
IS equal to the width of the groove , figs 615 and 617 show the 
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oidmary proportions of f inch angular and square thread screws , 
614 and 61G aie respectively as fine and as coarse again as 615 


Figs 614 615 616 617 



Vaiious measures of the sciews which requiie little further 
explanation are subjoined in a tabular form ^ and the relative 
degrees of strength possessed by each sciew under three diJBferent 
points of view, aie added 


MEASUEES AND BELATIVE STRENGTHS Off THE SCREWS 

Fipf 

614 

Fig 

615 

Fig 

61b 

Fig 

617 

External diameters m hundiedths of an inch 

75 

75 

7o 

75 

Internal diameters in hundredths of an inch 

65 

55 

35 

55 

Number of threads per inch ox toilts of the screws 

20 

10 

5 

5 

Depths and widths of the threids in hundredths 

05 

10 

20 

10 

Angles of the threads on the external diameteis* 

1 16' 

2 33 

5 5 

5 5 

Angles of the threads on the mteinal diameters^ 

1 28 

3 28 

le 4/ 

6 55 

Rel itivG mechanical powers of the threads 

20 

10 

5 

5 

Relative cohesive strengths of the bolts 

4 

3 

1 

3 

Rolativo cohesive strengths of hold of the screws 

65 

55 

85 

27i 

Relative cohesive strengths of hold of the nuts 

75 

7o 

75 

37 i 


^ The angles of tho threads of screws are calculated trigonometrically the 
circumference of the bolt being considered as the base of a right angled triangle 
and the pitch as the height of the same 

The author has adopted the following mode which will be found to recimre the 
fewest figures namely to divide the pitch by the oiroumference and to seek the 
pioduct m the table of tangents decimal numbers are to be used and it is 
sufficiently near to consider the circumference as exactly three times the 
diameter 

For the oxtornal angle of fig 616 say 20—2 25=: 0888, and this quotient by 
Huttons tables gives 5 dog 5 mm 

Foi the internal angle of fig 014 say 05—1 95 = 0 2564 and by Hutton b Tables 
1 dog 28 min 

In this method the pitch is considered as the tangent to the angle and the division 
effects the change of the two sides of the given right angled triangle for two otUeis 
the larger of which is 1 or unity, for the convenience of using the tables 
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Square thread screws, have about twice the pitch of angulai 
threads of similar diameters and 017 estimated in the same 
manner as the angular will stand by compaiison as follows The 
square thread 617 will be found to be equal in power to 616 the 
pitch being alike in each In strength of bolt tobe equal to 615, 
their trans\erse areas being alike And m stiength of hold to 
possess the half of that of 615, because the square thread will 
from necessity bieak through the bottom of the threads or an 
interrupted line exactly like the dotted line in 616, that denotes 
just half the area or extent of base, of the thread of 615, which 
latter covers the entire surface of the contained cylinder, and 
not the half only 

The mechamcal power of the thread, is denved from its pitch 
The powei, or the force of compiession is diiectly as the number 
of thre ids pei inch, or as the o ate so that, neglecting the friction 
in both cases, fig 614 giasps with foui times the power of 616, 
because its wedge or angle is foui times as acute 

When however the angle is veiy gieat, as m the sciews of 
fly presses vliich sometimes exceed the obliquity of 45 degrees, 
the sciew will not retain its grasp at all neither will a wedge of 
45 degrees stick fast m a cleft Such coarse screws act by 
impact they gi\e a violent blow on the die from the momentum 
of the fly, (namely, the loaded lever, oi the wheel fixed on the 
press screw,) being suddenly arrested , they do not wedge fast, 
but on the contrary, the reaction upwards, unwinds and raises 
the sciew for the succeeding stroke of the fly press 

Binding screws which are dispropoitionately coarse, from 
leaning towards this condition, and also from piesentmg less 
suiface friction, are liable to become loosened if exposed to a 
j airing action But when, on the contiaiy, the pitch is veiy 
fine, or the wedge is veiy acute, the surface fiiction against the 
thread of the screw is such, as occasionally to prevent then 
separation when the screw bolt has lemained long in the hole 
or nut, from the adhesion caused by the thickening of the oil, 
01 by a slight formation of lust 

The cohesive strength of the bolt, is demvedfrom itb transverse 
section Ihe screw maybe thus compared with a cylindrical rod 
of the same diameter as the bottom of the thread and employed 
in sustaining a load , that is, neglecting torsion, which if in 
excess may twist the screw in two The i dative stiengths aie 
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lepreseiited by the squares of the smallei diameters in the 
screws of 20, 10, and 5 angulai threads, the smaller diameters 
are 65, 55, and 85, the squares of these numbers are 4225 8025 
and 1225, which may be expressed in round numbeis as 4, 3, 1 , 
and therefore the coaisest screw, 61 6, has transversely only one 
fouith the area and consequently one fourth the strength of the 
finest, represented in the three diagrams 

The cohesive sti ength of the hold, isde'i wed fi om the helical ndge 
of the exte'inal sciew, being situated within the helical groove of 
the internal sci ew 1 he two helices become locked together with 
a degree of firmness approaching to that by means of which the 
different particles of solid bodies are united into a mass, as one 
or both of the ridges must be in a gieat measure torn off in the 
removal of the screw, unless it be unwound or tvMsted out 
A slight diffeience in the diameter or the section of a screw 
and nut, is less objectionable than anj variation in the coarse 
ness or pitch , as the latter difference, even when very minute, 
will prevent the screw from enteiing the hole, unless the screw 
IS made consideiably smaller than it ought to be, and even then it 
will bear veiy imperfectly, or only on a few places of the nut 
lo attempt to alter a screwed hole by the use of a tap of a 
diffeicnt pitch, is equally fatal, as will be seen by the annexed 
di igram fig 618 Foi instance the upper line a contains exactly 
4 tlneads per inch, and the middle line oi 5, has 4 ] threads they 
only agice at distant intervals Ihe lowest line c, shows that 
which would result from forcing a tap of 4 tlneads such as a, 
into a hole which had been previously tapped with the 4] thread 
screw 6, the threads would be said to cross, and would nearly 



dcstioy each other the same result would of com so occui fiom 
employing 4 or 5 thicid dies on a screw of i] threads pci inch 
Ihcreforc, unless the screw tackle exactly agree in pitch with 
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the previous thread, it is needful to remove every vestige of the 
former thread from the screw or hole, otherwise the result diawn 
at c must ensue in a degree proportionate to the diffeience of 
the threads, and a large portion of the beaiing siuface, and eon 
sequently of the strength and the durability of the contact would 
each be lost Some idea may thence be formed of the real and 
iiremediable diawback frequently expeiienced from the dis 
similarity of screwing apparatus, nearly to agree will not suffice, 
as the pitch should be identical 

The nut of a J inch screw bolt is usually J inch thick, as it 
IS considered that when the thieads aie in good contact, and 
collectively equal to the diameter of the bolt, the mutual hold 
of the threads exceeds the strength either of the bolt or nut 
and theiefore that the bolt is more likely to bieak in two oi the 
nut to burst open lathei than allow the bolt to diaw out of the 
hole from the thread stripping off 

When screws fit into holes tapped directly into the castings or 
other paits of mechanism, it is usual to allow still more threads 
to be in contact even to the extent of two or moie times the 
diameter of the screw, so as to leave the prepondeiance of 
strength greitly in favour of the hold, that the sciew, which 
IS the pait more easily renewed may be nearly ceitain to bieak 
in two, lather than damage the casting by teaiing out the thiead 
fiom the tapped hole 

Should the internal and external sciews be made in the 
same mateiial, that is both of wood, brass oi iron, the nut or 
internal screw is somewhat the strongei of the two For exam jde, 
in the sciew fig 615, the base of the thread is a continuous 
angulai ridge which occupies the whole of the cylindiical suifao: e 
rejiiesented by the dotted line Therefore the force required 
to strip off the thread from the bolt, is neaily that required to 
punch a cylindiical hole of the same diameter and length as the 
bottom of the thread , foi m either case the whole of the cylm 
dneal surface has to be stripped or thiust off laterally, in a 
manner resembling the slow quiet action of the punching or 
shearing engine 

But the base of the thread in the nut is equal to the cylindrical 
surface measuied at the top of the bolt, and consequently, the 
materials being the same, and the length the same, considering 
the strength of the nut for 615 to be 75 the stiength of the bolt 
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would be only 55 or tliey would be respectively as the diameteis 
of the top and bottom of the tlnead although when the bolt 
piotrudes through the nut the tbiead of the bolt derives a slight 
additional stiength, from the threads situated beyond the nut, 
and which serve as an abutment 

It IS however piobxble that the angular thread will not stiip 
off at the base of the threads eithei in the screw or nut, but will 
break through a line somewheie between the top and bottom 
but these lesults will occui alike in all, and will not therefore 
materially altei the relation of strength above assumed 

Companng 614, 61o, and 616, upon the supposition that the 
bolts and nuts exactly fit or correspond, the strengths of thethiee 
nuts are alike, or as 7o and those of the bolts are as 65, 55, and 
35 and therefore the advantage of hold lies with the bolt of finest 
thread , as the finer the thread, the more nearly do the bolt and 
nut approach to equality of diameter and strength 

Supposing however, for the purpose of explanation, that 
instead of the screws and nuts being carefully fitted, the screws 
are each one tenth of an inch smaller than the diameters of the 
respective taps employed in cutting the three nuts 614 would 
diaw entirely out without holding at all the penetiation and 
hold of 615 would be leduced to half its pioper quantity and 
that of 616 to thiee fourths , and the list two sciews would strip 
at a line moie or less elevated above the base of the thread and 
therefore the more easily than if the diametci s exactly agreed 
Ihe supposed error, although monstious and excessive, shows 
that the finer the thread the gieater also should be the accuiacy 
of contact of such sciews , and it also shows the impolicy of 
employing fine threads m those situations where they will be 
subjected to frequent screwing and unscrewing, and also to much 
strain As although when they fit equally well, fine threads are 
somewhat more powerful than coarse, m hold as well as in 
mechanical power, the fine are also more subject to wear, and they 
receive from such wear, a gieater and moie rapid depreciation of 
stiength, than threads of the ordinary degrees of coarseness 
In a sciew of the same diameter and pitch, the ultimate 
strength is diminished m a twofold manner by the mcicaso of 
the depth of the thread , first it diminisheb the tiansveise area of 
the bolt, which is therefore more disposed to break in two, and 
secondly, it diminibhes the individual strength of each thiead, 
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which hecomes a more lofty tiiangle erected on the same base, 
and IS theiefoie more exposed to fractme or to be stiipped off 
But the durability of machineiy is in nearly evei'^ case increased 
b} the enlargement of the heating surfaces andtheiefore as the 
thread of inci eased depth pi esents more sm face beaiing the deep 
screw has consequently gi eater dui ability against the fiiction or 
weir, arising from the act of screwing and unscrewing Ihe 
dm ability of the sciew becomes in truth a fouith condition, to 
be borne in mind collectively with those befoie named 

It fiequently happens that the diameters of screwed worl s aie 
so consideiable that they can neither break nor buist after the 
manner of bolts and nuts and if such laige woiks yield to the 
pressures applied the tine ids must be the pait saciificed If the 
materials aie crystalline the thiead ciuinbles away, but in those 
which aie malleable and ductile, the thiead, instead of stnpping 
off as a wire sometimes bends until the resisting side pi esents a 
perpendiculai face, then oveihangs, and ultimately cuils over 
this disposition is al&o shown in the abrasive wear of the screw 
befoie it yields 

Compaimg the square with the angulai thiead in regaid to 
fiiction, the square has less fiiction, because the angulai edges 
of the sciew and nut, mutually thiust themselves into the 
opposed angular grooves in the manner of the wedge 'Ihc 
square thiead has also the advantage of piesenting a more direct 
thru‘=^t than the angulai because in each case the lesistence is 
at light angles to the side of the thread, and thciefoie m the 
square thiead the lesistance is very neaily in the line of its axis, 
whereas in the angular it is much more oblique 

Fiom these reasons the square thread is commonly selected 
for presses, and for regrilitmg screws especially those in which 
rapidity of pitch, combined with stiength is essential but as 
regards the ordinary attachments m machinery the giasp of the 
angular thread is more poweiful from its pitch being generally 
about as fine again, and as before explained, angular screws and 
nuts are somewhat more easily fitted together 

The force exerted in bursting open a nut depends on the 
angle formed by the sides of the thiead, when the latter is con 
sidered as part of a cone, or as a wedge employed in splitting 
timber For instance, in the square thread screw the thre id 
forms a line at right angles to the axis, and which is dotted in. 
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the figure 619 it is not theiefoie a cone, but simply compresses 
the nut, or attempts to force the metal befoie it In the deep 
thread fig 620, the wedge is obtuse, and exerts much less 


Figs 619 620 621 



buisting effort than the acute cone represented in the shallow 
thread screw fig 621, therefoie the shallowei the angnlai 
thiead, the moie acute the cone, and the gi cater the strain it 
throws upon the nut The transveise measure of nuts, whether 
they are square or hexagonal, is usually about twice the diameter 
of the bolt, as repieseiited in the figures, and this m geneial 
suffices to withstand the bursting effoit of the bolt * 

Those nuts howevei , which aie not used fox grasping but 
for the legulatmg sciews of slides and general machmciy, aie 
made much thicker, so as to occupy as much of the length of 
the screw as two, tbice, or moie times its diamctci , this gicatly 
increases then suiface contact, and dui ability 

Should it be required to be able to compensate the nut, oi to 
re adapt it to the lessened size of the screw when both have 
been worn, the nut is made in two parts and compicsscdby 
screws, oi it is made elastic, so as to pi ess upon the stiew The 
nuts for angular thieads are divided diametiK ally, and le-umted 
by two or more sciews, as m fig 622, in fact, like the scmi 
ciicular bearings of ordinary shafts, as then, by filing a little of 
the metal away from between the two halves of the nut, they 
may be closed upon the angular iidges of the thread 

Ihe nuts of square threads, by a smuliai tieatmont, would, on 
being closed fit accurately upon the outei or cylindueal surface 
of the squaie thread screw, but the lateral contact ^\ould not he 
restored, these nuts aie therefoie divided tiansversely, as shown 


^ In tke t-xblc of tho dimensions of nuts m Tomplotoii s 1 nginoor s Pocket 
fompimon the tiansYorso measures doorcase m tho larger nuts the breadth of 
the nut for a h inch bolt is stated as 1 inch that for a moh bolt aa 4 inches 
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in fig 62S or they are made as two detached nuts placed in 
contact When therefore a small quantity is removed from 
between them with a file, or they are separated by one or moie 
thicknesses of paper, the one half of the nut beais on the right 
hand side of the square worm the other on the left 

Either of these methods removes the end play, or the loss 
of time by which expiession is meant that partial revolution 
to and fro, which may be given to a worn sciew without pro 
ducing any movement oi traverse in the slide upon which the 
screw acts It is usual before cutting the nuts m the lathe or 
with screw taps to divide the nuts, and to le unite them with 
soft solder, or it is better to hold them together with the peinia 
nent screws whilst cutting the thread 

But the screws of slides are very apt to become most worn in 
the middle of their length, oi at the one end, leaving the other 
parts neaily of their original size it is then best to replace 



them by new screws, as the former method of adjusting the 
nuts cannot be used although recourse may occasionally be 
had to some of the various methods of springing, or the elastic 
contiivances commonly employed in delicate mathematical and 
astronomical instruments Although these should be peifcctly 
free from shake or uncertainty of motion, they do not in general 
lequire the fiim, massive, unyielding stiuctuie of engmeeiing 
works and machinery 

Two kinds of the elastic nuts alone are shown , in fig 624 the 
saw cut extends throughout the length of the nut but sometimes 
a portion in the middle is left uncut , the nut is usually a little 
set in, or bent inwards with the hammer, so as to press upon the 
sciew In fig 625, the two pieces a and b bear against opposite 
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sides of the thread, and h only is fixed to the slide as in fig 633, 
the collection is now accomplished by interposing loosely aiound 
the sciew, and between the hahes of the nut, a spiial spiing 
sufiScientlj stiong to overcome the fiiction of the slide upon the 
fittings, the same contiiviiice is vaiiously modified, sometimes 
two 01 foul spiial spiings are placed in cavities paiallel with the 
sciew 

The slide lesists firmly any piessnre fiom a to h, as the fixed 
half of the nut lies fii inly against the side of the thread piesented 
in that diiection but the piessur e from b to a is sustained alone 
by the spiial spiing, when theiefoie the piessuie exceeds the 
stiength of the spring the slide nevertheless moves endwiys to 
the extent of the misfit in the piece b, and which, but foi the 
spring, would allow the slide to shake endways In absolute 
effect the contrivance is equivalent to a single nut such as h 
alone which although possessing end plaj , if pulled towards b 
by a string and weight, would always keep in contact with the 
one side of the worm, unless the resistance were sufficient to 
ruse the weight The method is therefore only suited to works 
lequinng dehcacj latlier than strength, and the spring if 
excessively stiong would const uitlj wcai the two lulves of the 
nut with injudicious fiiction and haste 


The several threads lepiosentcd in figs G2G to G38 may bo 
considered to be dcpaituies from the angul u thread fig 0 ’0 and 
the squaie thread fig C35, which ait by fii the most common 
ihe choice of section is collectively goieined bust, by the 
facihtj of constuiction, in which the plain angular thread excels 
Secondly, by the best resistance to strain, which is obtained iii 
the square thiead Thirdly, by the near equality of stiength ni 
the inteinal and external screw Foi simihu materials the space 
and thiead should be symmetrical, asm the squaie thiead and 
in figs 636 to 630, which screws aie proper for metal works 
generally , whereas in dissimilar materials the harder of the two 
should have the slighter thread, as in the iron screws figs Oil 
to 6 34, iiitonded to be screwed into wood the substance of the 
screw IS supposed to be below the line, and the head to the right 
hand F ourthly by the resistance to accidental \ loleneo cit In i 
to the screws, or to the screwing tools, which is best obtauud by 
the 1 ejection of simp angles 01 edges asiiitlu serial rounded 

X X 
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ANGULAR THREAD 
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threads This fourfold choice of section, like eveiy other feature 
of the screw, is also mainly determined by expeiience alone 
Tig 626, in which the angle is about 60 degiees, is used for 
most of the sciews made in wood whether in the screw box or 

the turning lathe and also 

Sections derived from tlie q , very laige prOpOrtlOll 

of the screw bolts of ordinal y 
mechanism Sometimes the 
points of the screw tool mea 
suieneaily 90 degiees asm 
the shallow thiead fig 627, 
used for the thin tubes of 
telescopes or at other times 
they only measure 45 de 
giees as in the very deep 
thread, 628, used for some 
mathematical and other in 
struments, the angles lepie 
sented may be considered as 
nearly the extremes 

In originating accurate 
screws, the angular thread is 
always selected, because the 
figure of the thread is still 
maintained, whether the tool 
cut on one or on both sides 
of the thiead, in the couise 
of the coirectional process 
Tig 629 IS the angular 
thread in which the ridges 
are more oi less truncited, 
to increase the strength of 
the bolt , it may be viewed 
as a compound of the squaie 
and angular thread 

Tig 630 IS the angular 
thread inwhich the tops and bottoms are rounded, it ismuchused 
in engineering works, and is frequently called a round thiead * 
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SQUARE THREAD 
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637 


638 


^ See foot note on p G70 
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In 631 the thread is more acute, and tiuncated only at the 
bottom of the sciew this is used foi joinery work, and gieatly 
inei eases the hold upo) •’hewood 632 is obviously derived fiom 
031, and is used foi the same puipose 
In 633 which is also a screw for wood the face that sustains 
the hold IS lectangulai as m the squaie tliiead the other is 
bevelled Fig 034 is the form of the pitent wood sciew some 
tunes called the Geiman sciew , it is hollowed to tliiow the 
advantage of bulk in favoui of the softei material oi the wood 
the head of which is supposed to be on the light hand In the 
last four figuies, the substance of the screw is imagined to be 
situated below the line and that of the wood above 

The screws which aie inseited into wood are generally made 
taper, and not cjhndrical in order that thej may cut their own 
nut or internal thiead, some of them are pointed so as topene 
trate without any previous hole being made they merely thrust 
the fibres of wood on one side Screws hold the most strongly in 
wood when inseited horizontally as compared with the position 
in which tlie ti ee grew, and least strongly in the vei tical position 
Fig 035 lepieseiits the oidmaiy squaie thiead screw, the 
space and thieid aie mostly of equal width, and the depth is 
either equal to the width, or a tiifie more say one sixth 

Fig 030 IS a depaituie from 63o and has been made for 
presses and 017 has obviouslj grown out of the last from the 
obhteiafion of the angles various proportions intermediate 
between 037 and 610 are used foi round threads 

In some cases where the screw is required to be rapid one 
single shallow groove is made of angular, square, or circular sec 
tion.leavingmuchoftheoiiginaleylmderstanding as in fig 638 
I or very slight purposes, a pin only is fitted to the groove, to 
serve as the nut should the resistance be greater manyprns or 
a comb may be employed, and this was the earliest form of nut, 
otherwise a screwed nut may be used with a single thread But 
when the greatest resistance is required, the surface bearing of 
the nut IS extended, by making the thread, double tuple, &c by 
cutting one or more intermediate grooves and a counterpart nut 
The nuts or boxes of very coarse screws for presses are now 
mostly cut in the lathe, although when the screwing tools 
were less perfectly understood the nuts were frequently cast 
Sometriiics lead, or alloys of simrlar fusibrlrty, were poured rri 

X X 2 
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betwixt the sciew and the framework of the machinery (see 
note, p 298, also 822 8, vol 1) but for nuts of brass and gun 
metal, sand moulds were formed The screw was always 
wanned, to avoid chilling the metal and for brass it was some 
times heated to redness and allowed to cool, so as slightly to 
oxidize the suiface, and lessen the disposition to a union or 
natural soldeiing of the sciew and nut It was commonly 
necessaiy to stretch the biass by an external hammering to 
counteract the shrinkage of the metal in the act of cooling, and 
to assist in releasing from the sciew the nut cast upon it in 
this manner The mode is by no means desirable, as the sciew 
is exposed to being bent fiom the rough treatment, and to being 
ground by pai tides of sand adhering to the biass 

1 he tangent screws used foi screw wheels, have mostly angulai 
01 truncated angulai threads, fig 629, as sci ews absolutel'^ sqiiue 
cannot be fitted with good contact and freedom from shake 
between tlie thread and teeth, and probably the same lules by 
which the teeth of ordinaiy wheels and racks are recipiocally 
set out, should be also applied to the delineation of the teeth of 
woim wheels, and thethrexds oi teeth of their appropriate screws 
Tangent screws axe occasionally double, triple, or quadruple, 
in Older that 2, 3 or 4 teeth of the wheel may be moved during 
each 1 evolution of the screw In the Piedmont silk mills this 
pimciple iscarriedto theextieme, as the screw and wheel become 
alike, and revolve turn for tuin, the teeth supposing them to be 
20, aie then identical with those of a 20 thread sciew, the angular 
coils of which cross the axis at the angle of 45^, that is when 
the shafts he at light angles to each other, othei pioportions 
and angles may be adopted In reality they fulfil the oflice of 
bevel wheels, or lather of skew bevel wheels, m which latter also 
the axes, horn being m different planes, may cross each othei 
so that the &ke\^ -bevel wheels may be in the center of long 
shafts, but which cannot be the case in oidinaiy bevel wheels, 
the teeth of which he m the same plane as the axis of the wheel 
The Piedmont wheels act with a veiy reduced extent of beaiing 
or contact surface, and a considerable amount of the sliding 
action of screws, which is disadvantageous in the teeth of wheels, 
althoughinsepaiable from all those with inclined teeth, and which 
are indeed more or less distant modifications of the screw ^ 

* When the obhqmty of the teeth of worm wheels is small, it gives \ very 
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Having treated somewhat in detail the diflferent forms of 
screws and the circumstances which adapt them to their several 
purposes I have now to consider some of the inconveniences 
which have una\oidably arisen from the indefinite choice of 
pioportions in ordinary screws, and also some of the means that 
have been pioposed for their correction Ihe slight discussion 
of the more impoitant of these topics will permit the introduc 
tion of vaiious additional points of infoimation on this almost 
inexhaustible subject, the screw 

No inconvenience is felt from the dissimilarities of screws, so 
long as the same screwing tools aie always employed in effecting 
repairs in, or additions to the same works But when it is 
considered how small a difference in either of the measuies 
will mai the correspondence of the screw and nut, and further 
the very arbitrary and accidental manner, in which the piopor 
tioiis of screwing apparatus have been determined by a variety 
of individuals to suit their particular wants, and without any 
attempt at unifoimity of practice (sometimes on the conti iiy 
with an express desiie to be peculiai) it is peihaps some matter 
of suipiise when the screws made in different establishments 
piopeily agree Indeed the agieement can be haidly expected, 
unless tliev are derived from the same source, and that some 
considerable pains are txken not to depait horn the icspective 
propoitions fust adopted 

In a few isolated cases this inconvenience has been paitially 
remedied by common consent and adoption, as in the so called 
ail pump thiead, which is pretty geneially used by the makers 
of pneumatic appaiatus , and to a certain degiee also in some 
of the sciews used m gas fittings and m gun woik But the 
non existence of any common standard or scale, enhances both 
the delay and expense of lepairs m general meobamsm, and leads 
to the occasional necessity for making additional si/es of tools to 
match particulai works, howevei extensive the supply of screw 
appai atiis 

ibis pciplcxitj IS felt in a degiee especiall} seveie and costlj , 
as icgnids inaime and locomotive engines, which fiom neccssitj , 
have to be repaired m localities far distant from those m which 
they wcie made and therefore requiie that the packet station 

fimooth action but at tho expense of friction but in oidiiniy tootbecl "wheels the 
ti oth are O'siactly squaio acioss or m the pjano of the axis and tho aim is to employ 
rolliii^j cont let with the farcatost possible exclusion of fllidinij fi om amongst the teeth 
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or railway depot, should contain sets of screwing tackle, cones 
ponding with those used by every diffeient m mufactiirer whose 
■works have to be dealt tMth otheiwise both the delay and 
expense are from necessity aggravated 

Mr 'Wliitwoith has suggested that for steam machineiy and 
for the pill poses of eiigineenng m general “ an unitoiin system 
of sciew thieads should be adopted, and after having used 
some prior scales he has proposed the following table, winch 
may be justly considered as a mean between the difleient kinds 
of threads used by the leading engineeis 


Ml Whitworths Table foi Angulai Thread Sciews * 


Diameters m inches 

i 

1 


JL 

10 


8' 

1 

2 

1 

n 

U 


1> 

n 

u 

n 

2 

Nos of threads to the inch 

20 

18 

16 

14 

12 

11 

10 

9 

b 

1 

7 

6 

6 

5 

5 

U 

U 

Diameters in inches 

2i 

2h 

os 

3 

n 

3’ 


4 


41 

H 

6 



'1 



Nos of threads to the inch 

4 

! 

4 



H 

n 

3 

3 


23' 

2i 

’I 


22 

'1 




As regiids the smaller mechanism midepimcipally m brass 
and steel, such as ma hematical instruments and many othcis, 


In selecting this scale the following judicious course was adopted — An 
extensive collection was made of scre'w bolts from the piinoi); al workshops 
throughout England and the average thread was carefully observed for dif 
ferent diameters The ^ inch i inch 1 and 1 J inch weie partienliily soloetod 
and taken as the fixed points of a scale by which the intermediate sizes weio 
legulated avoiding small fractional parts in the number ot threads to the inch 
The scale was afterwards extended to 6 inches The pitches thus obttunod for 
angular threads were as above 

Above the diameter of 1 inch the same pitch is used for two si-<«es to avoid 
small fractional parts The proportion between the pitch and the diameter varu s 
throughout the entire scale 

Thus the pitch of the I inch screw is th of the diameter that of tho J inch 
^bh of the 1 inch ^th of the 4 inches -th and of the 6 inches th 

The depth cf the thread m the van lus specimens is then illudcd to In this 
respect the variation was greatei than m the pitch I he ui^lc mule by the sides 
ot tbe thread being tiken as an expression foi tho depth the im an of the angle in 
1 inch sciews was found to be about 55 which wis also ncxrly the mean in screws 
of dirieient diimeters Hence it wis adopted thioughout the scale and a constant 
proportion was thus established between the depth uid tho pitch of the thiead In 
calculating the former a deduction must be made for the quantity i oundt d ofl, 
amounting to ird of the whole depth zc ^th horn the top and Jth fiom the 
bottom of the thread Making this deduction the ingle of 55 gives fox the actual 
depth rather more than Uhs and less than iulh of the pitch Q>ioi(d fnm the 
Absfiact of Ml Whitwoiths Papei cjwcn %n the PiQcudnvjh of the /nHtitiction oj 
Ciid JSnjuieeis 1841 jp 15< 160 The cntii c piqiei is also pi inUd stpai uleli/ 
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tlie sciews m the above scale below half an inch diameter are 
admitted to be too coai se , and the acute angular threads which 
aie not rounded, are decidedly to be pieferred fiom their greater 
delicacy and durability, that is when their strengths are proper 
tioned to the resistance to which they are exposed In these 
lespects the following table may be considered prefeiable 


Table foi Small Sc^ cws of Fine Angular Threads * 


Diameters in vulgar fractions of the inch 

4 

r 


a 

a 

1 



i 

i 

7 

1 

Diameters m hundths of the inch neaily 

50 

47 

44 

41 

3/ 

34 

31 

28 

25 

22 

20 

Number of threads to the inch 

16 

18 

18 

20 

20 

04 

24 

28 

2 b 

32 

36 

Diameters m hundredths of the inch 

18 

16 

14 

12 

U 

09 

08 

07 

06 

05 

04 

Number of threads to the inch 

36 

4( 

40 

4 

LU 

46 

56 

56 


72 

80 

100 


* This table was arranged by Mr Chidson, of Liverpool, who made first a set 
of coaise angular thread taps from J to 1 inch agreeably to the terms of Mr 
Whitworths table giving to the screw tool the angle of 55 degrees and also a 
sot of square thread taps of the same diameters and as usual of twice the pitch 
1 his led Mr Chidson to set out and construct a senes of finer and deeper threads 
from ^ inch to 14 hundredths diameter agreeably to the arrangement in the 
second table and with sciew tools of the angle of 46 dOj^rees 

I have great pleasuie in stating my individual opinion of the suitability of the 
table to its intended purpose and on comparing the screws with those of similar 
diimcteis used by Holt/apflol and Co I found about one thud to be nearly 
identical in pitch one third to be slightly coarser and the others slightly finer 
As legards the workmanship of these taps made by Mr Chidson foi his own use 
and pi menially with his own hands by means of the change wheels and single 
point tools it gives me great pleasure to report most favomably 

I he tables above given and which have been %U(Ud and not caladated will 
serve to explain the mapplic ability of the mode of calcul ition proposed in various 
popular works namely for angular thread screws to divide the di imeter by 8 
foi the pitch when it is said such screws will all possess the angle of 3 ^ degrees 
neaily and for square threads to divide by 4 thus giving an angle of 7 degrees 
nearly therefore 

Angular thread screws of 8 64 21 4 4 inches diameter 

would have pitches of ^ J i 7 4 ifo niches rise 

01 rates of 1142 4816 32 threads pei inch 

which differ greatly fiom 2^ 3 4^ 8 12 20 Whitworths observational numbois 

By the use of the constant divisor 8 the one inch sci ew agrees with Whitworth s 
table the extremes are respectively too coarse and too fine as instt ad of 8 being 
employed the actual divisors vary fiom about 5 to 16 and thereloio a tlic orotic d 
imxlo would pi ob ably leqmie a logarithmic scheme But woio this followed out 
with car© the adjustment of the fractional threads so obtained for those of whole 
nurnbeiH would completely invalidate the jnecision of the rule and the result 
woul I not be in any i ospeet bettei than when adj usted oxpoi imorit ally as at present 
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There is little doubt that if we could entirely recommence the 
labouis of the mechanist or if we could sweep away all the screw 
ing tools now in use, and also all the existing engines machines, 
tools, instruments, and other works, which have been in pait made 
thi on gh their agency these proposed scales or others not greatly 
differing from them (as the choice is in great measure arbitrary), 
would be found of great general advantage the former for the 
Inger, the latter forthesmallei works Butuntil all these mynads 
of objects aielaid on one side, or that repairs aie no longer wanted 
in them the old tools must from absolute necessit} be retained, 
in addition to those proposed in these or any other schemes It 
would be of course highly judicious in o%ew manuf icturing esta 
blishments to adopt such conventional scales, as they would to 
that extent piomote this desirable but almost impiacticable end, 
namely that of unity of system but which although highly 
fascinating and apparently tenable is suiiounded by so many 
interferences, that it may perhaps be considered both as needless 
and hopeless to attempt to carry it out to the full or to make 
the system absolutely universal and some of the ciicumstances 
which affect the proposition will be now briefly given 

Fust STANDARD MEASURE altliovgli CQnveuunt 

IS not %nd%spensalle It may be truly obseived, that ns regaids 
the geneial usefulness of a screw such as 615 which was sup 
posed to measure | inch diametei and to have 10 tlueads per 
inch, it IS nearly imraateiial whether the diametei be three or 
tour hundredths of an inch largei or smallei than | of an inch , 
01 whether It have 9, 9yV 9| oi 11, tlueads per inch, oi 
my fi actional number between these or whether the thread 
be a trifle more or less acute, or that it be slightly tiuncated oi 
lounded so long as the threads m the sciew and nut aic but 
truly hehc il and alike in oider that the threads mutually beai 
upon each other at every pait that is, as regards the simple 
puipose of the binding sciew oi bolt, namely, the holding of 
separate parts m firm contact And as the same may be said 
of eveiy sciew namely, that a small variition in diameter or 
pitch IS commonly immatenal it follows that the good o&ice of 
a sciew does not depend on its having any assigned relation to 
the standard meisuie of this or anj othei couiitiy 

Secondly, I he change of sgston would caiibc an inconicment 
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incuase %n the number of screwing tools used — Great numbers 
of excellent and useful screws, of accidental measuies, have been 
made by various mechanicians , and the author hopes to be 
excused for citing the example with which he is most familiar 
Between the years 1794 — 1800 the author’s father made a 
few vaiieties of taps, dies hobs, and screw tools after the modes 
explained at pages 635 and 636 , these vaiieties of pitch weie 
ultimately extended to twelve kinds of each of which was foimed 
a deep and shallow hob or screw tool cuttei Ihese when 
measuied many years alterwaids, weie found neaily to possess 
in each inch of their length, the threads and decimal parts that 
are expiessed in the following table 


Approximafe Vahies of I I HoUzapffel s Original Saeio Threads 


ISTumber 

1 1 2 

3 

4 

5 

6 

GO 

9 

10 

11 

12 

Threads ml inch 

'e 58 8 25 

9 45 

13 09 

16 5 

19 89 

22 12 25 71 

28 88 

3610 

39 83 

5511 


The an^e of the deep threads u about 60 degrees of the shallow 60 degrees 


This irregularity of pitch would not have occuried had the 
sciew lathe with change wheels been then in use but such was 
not the case Foi a long series of years I T Holtzapffcl (m 
conjunction with his partnei, I G Dejeilem from 1804 to 
1827 ) made as occasion required, a laige or a small screw a 
coaise or fine, a shallow or deep thread, and so loith By 
which accumul itive mode, then series of woiking taps and dies, 
togethei with screw tools, gages, chucks cariieis, and a vaiiety 
of subordinate apparatus, became extended to not less than one 
hundred varieties of all kinds 

About one third of these sizes have been constantly used, up 
to the present time, both b> H & Co , and by other j^ersons to 
whom copies of these screw tackles ha\e been supplied, and 
consequently many thousands of screws of these kinds have 
been made this implies the continual necessity for repairs and 
alterations in old works, which can only be accomplished by 
retaining the original sizes 

Since the period at which H & Co made their screw lathe, 
the} have employed the aliquot threads for all sciews above half 
an inch indeed, most of these have also been cut in the screw 
lathe To have introduced the same method in the small bind 
ing sciews which aie not made in the screw lathe, but with the 
die stocks and chasing tools, would have doubled the numbei of 




674 AGIII EMENT OF SCREWS WITH STANDARD MEASURES, 

then working sciew tackle, and the attendant appaiatus with 
the iisk of confusion from the increased number, but without 
commensurate advantage as regards the piuposes to which they 
aie applied 

Doubtless the same reasons have opeiated in numeious other 
factories, as the long existence of good useful tools has often 
lessened if not mnulled, the advantage to be deiived fioin a 
change which lefeis moie immediatel} to engineeiing works , 
and in which a paitial remedy is supplied, as steam engines, &c 
aie fiequently accompanied with spaie bolts and nuts, and ilso 
with coiresponding sciew appaiatus to be employed in repairs , 
the additional cost of such puts being insigmfic int, compared 
with the value of the machinery itself 

Ihiidly Unless the standard sizes of scieivs becoone inconve 
mentlij numeious, many useful lands must he omitted, 01 tieatcd 
as exceptions For instance, in oidinaiy binding screws more 
pnticulaily in the smaller sizes, two if not three degiees of 
coarseness should exist for every diameter and which might be 
denominated the coarse, medium, and fine senes, and again, 
puticular cncumstances require that threads should be of 
shallow or of deep angular sections, 01 that the threads should 
be rounded square or of some other kinds, in this way alone, 
a fitness for all conditions would inconveniently augment the 
number of the standards 

In many cases besides screws of seveial diameters aie made 
of the one pitch In order for example that the hole when 
worn may be tapped afresh, and fitted with sciews of the same 
pitch or thread but a trifle larger * or tint a partially woiii 
screw may be corrected with the dies or m the lathe and fitted 
with a smaller nut of the same pitch A succession of taps of 
the same pitch also leadily permits a larger scicwto be emplo}ed, 
when that of smaller diameter has been found to break, either 
horn an error of judgment in the first construction of the 
machine, orfiom its being accideiitall} submitted to a strain 
gieater than it was intended ever to be 11 \ 

* This IS done in some of the patent screws foi joinery woik so that when 
the thread in the wood is deteriorated from the fiequent removal of the sciew 
another of the same pitch but higer diameter may be substituted 

1^ Mr Clement has screw taps of I fllJlil|l^&o inch diameter and 
all of seven thieads per inch Holtzapffel and Co have taps &c for screws of ten 
tin cads per inch of fifteen different knfds which are used for slides and adjust 
inentb besides less extensive repetitions of other threads 
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It IS also m some cases requisite to have right and left hand 
sciews of the same pitch, that amongst other puiposes they 
m\j effect simultaneous 3 et opposite adjustments m machinery, 
as in some umveisal chucks and also some few sciews, the 
tlneads of which are double tuple, quidiuple, and sofoith, for 
giving to SCI ews of small di xinetei s c onsid ei ible 1 apidity of pitch 
or ti averse, 01 a fixed latio to other scicws associated with them, 
in the same piece of mechanism 

Fouithly Friction py events the stnet maintenance of standard 
gages for screws The universality of system, to be perfect, should 
admit that a bolt made this }ear m London, should agiee with 
a nut made ten or fifty jj'eais hence in Manchester, which is not 
called for, nor perhaps possible, if an absolute fit be lequiied 
in lefeience to this we must commence by a small digression 
In companng the Exchequer Standard Yard Measure with 
the copies made from it, fiiction in no way interferes, as the two 
measuies aie successively obser\ed thiough two fixed micio 
scopes, as befoie adverted to But we cannot thus measuie a 
cjlmder, as either callipers or a counteipait cylindei placed in 
contact, must be employed as the test ind each tune of tiial 
the cylinder is absolutely, although veiy slightly woin by the 
travel se of the sui faces against each other the foim of the 
cjhndiical gage being simple, to increase its dui ability, it is 
woiked to the figuie after hamig been haidened 

In measuiing a sciew, the callipeis aie insufficient and the 
one sciew must be sciewed into the other from this trial much 
moie motion, fiiction, and abiasion arise luithei, the sciew 
gage cannot fiom its complex foim be leadil) figured aftei the 
mateiial has been hardened, and if haidened subsequently to 
the helical foim having been given, the measiue becomes in 
some degree, altered, fiom the action of the fiie and water, 
which IS a fatal objection 

Under ordinarj and propei management, the pioduction of a 
numbei of similu pieces may be obtained vith sufficient exacti 
tilde, b^ giving to the tool some constant condition JB 01 example, 
a huudicd nuts tapped with the same tap will b( vei} neaily 
xlikc in the ir thread and a himdicd scicws passed thiough the 
hole of a screw plate, will similiily agree in si/c, bcc uis( of the 
nearly constant diineiibions of the tools, lor a moderate period 
In piactice, the same relative constancy is given to the dies 
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of die stocks and bolt screwing engines, and partly so to the 
tools of the screw cutting lathe Sometimes the pressure or 
adjusting screw has graduations or a miciometer and nuraeious 
contrivances of eccentrics, cams, and stops aie employed to 
effect the puipose of bringing the die or turning tool to one 
constant position for each succeeding screw these matters are 
too varied and general to requiie more minute notice Part of 
such modes may seive sufficiently well for ten, or a hundred 
sciews provided that no accident occur to the tool but if it 
were attempted to extend this mode to a thousand, oi a hundred 
thousand pieces the same tool could not, even without accident, 
endure the trial it would have become not only unfit for 
cutting, but also so fai worn away as to leave the last of the 
works mateiially laiger than the fiist 
In lespect to screws the instrument, the size of which claims 
the most importance, is perhaps the plug tap or that which 
removes the last portion of the material, and therefore deter 
mines the diameter of the internal thread but as the tap is 
continually, although slowly weaiing smaller, the first and last 
nut made with it unavoidably differ a little in size It is on 
account of the wearing of the tap, amongst other cucumstances, 
that when sciews and nuts are made in large numbeis, and are 
required to be capable of being interchanged, it becomes needful 
to make a small allowance for error, or to make the sciews a 
tiifle smaller than the nuts 

In Older to retain the sizes of the taps used by Holtzapffel& Co 
they some years ago made a set of original tips 
exactly of the size of the proposed sciews, and to 
be called A, these, when two or three times 
used to rub off the buirs where emplojedfor 
cutting legulating dies B of the foim of fig 639, 
with two shouldeis, so that the dies could be 
absolutel} closed, and yet leave a space foi the 
shavings oi cuttings In making all their plug 
taps they aie fiist prepared with the oidmaiy 
shop tools until the taps are so neaily com 
pleted, that, grasped between the regulating dies B, the latter 
close within the fortieth oi fiftieth of an inch, therefore leaving 
the dies B next to nothing to perform in the way of cutting 
but only the office of legiilating the diameter of the woiking 


Fig 639 
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plug taps Should the dies B meet with any accident, the taps 
A, which have to this stage been only used for one pair of 
regulating dies exist for making repetitions of B 1 his method 
has been found to fulfil its intended puipose very effectually for 
several years, but at the same time it is not pioposed to apply 
this or any other system universally 

In conclusion, it may be said that by far the most important 
argument in favour of the adoption of screws of aliquot pitches 
applies to steam machinery and similar large works, and that, 
principally, because it brings all such sciews within the piovince 
of the SCI ew lathe with change wheels which has become, m 
engineering establishments and some others, a very general tool 
This valuable tool alone, renders each engineer in a great measure 
independent of his neighbour, as screws of 2, 3, 10, or 

20 threads in the inch, are readily measured with the common 
rule, and copied with the screw wheels, and a single pointed tool, 
or an oidinary comb or chasing tool with many points 

And therefore, with the modern facility of woik were engineers 
severally to make their screw tackle fiom only the written mea 
suies of any conventional table, they would be at once abundantly 
within reach of the adjustment of the tools and that without any 
standard gages, the stiict introduction of which would almost 
demand that all the tools made m uniformity with tliem should 
emanate from one center, or be submitted to some office for 
inspection and sanction, — and this would be indeed to buy the 
occasional advantage at too dear a rate 

It must, however, be unhesitatingly granted, that the argu 
ment applies but little, if at all, to a variety of screws which from 
their smaller size are not made in the scif^w lathe, but with die 
stocks and the hand chasing tools only , and which aic emploj ed 
in branches of art that may be considered as almost isolated 
from one another, and therefore not to requiie uniformity 
For instance, the makeis of astionomical, mathematical, and 
philosophical instruments, of clocks and watches, of guns, of locks 
and ironmongery, of lamps, and gas ap^iaiatus, and a multitude 
of othei woiks, possess, m each case an amount of skill which 
applies specifically to these several occupations , so that unless 
the works made by each aie letuined to the absolute makeis for 
repaiation, they aie at an} late sent to an indmdual engaged in 
the same line of business 
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Under these circumstances it is obvious that the gunmxLeis, 
watchmakeis, and otheis would derive little oi no id\ antage iiom 
one system of threads pievailing thioiighout all their tiades, 
in many of which, as before noticed paitial svstems respec 
tively adapted to them alieady exist The meais einplojed 
by the generality of artizans in m itching stiange tin eads aie m 
addition entnely independent of the screw lathe and apply 
equally well to all thieads whethei of iliquot meisuies oi not 
as it IS usual to conveit one of the given sciews it it be of steel, 
into a tap, or otherwise to file a sciew tool to the sxme pitch by 
hand wlieiewith to stiike the thread of the screw oi tin, ind 
when seveial sciews are wanted a pair ot dies is expressly made 
But at the same time that, from these manifold consideiations, 
it appears to be quite unnecessary to mtcifcie with so many 
existing arrangements and interests it must be freely admitted 
that advantage would ultimately accrue from making all new 
screws of aliquot measures , and which, by gradually supeisediiig 
the old n regular threads, would tend eventuallv although slowly, 
to introduce a moie defined and systematic aiiangcment m 
screw tackle, and also to improve then geiiei il chaiactei 


The author has now concluded the various remarks he pro 
poses to offer on the formation of the sciew foi the gcncial 
purposes of mechanism on the modes puisued by \aiious 
celebrated mechanicians for its improvement and on vauous 
practical considerations which influence the choice of screws 
but he IS desirous biiefly to advert to some few pecuhai intei- 
esting and piactical methods of producing this important 
element of constiuction 

The thieads of wrought iron sciews hive been foiged whilst 
red hot between top and bottom swage tools having helicil 
surfaces like those of screw dies sciews have been twisted 
whilst red hot out of lectangulai bais, by means of the tail vice 
and hook wiench , as in making screw augers Screws intended 
for ordinaiy vices, have been compressed whilst cold, somewhat 
as with die stocks, the lever is in this case very long, and the die 
is a square block of hardened steel with an internal square 
thread sciew, left smooth or without notches The thread is 
paitly indented and putly squeezed up, the diametei of the 
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iron cylinder being less than that of the finished screw this 
action severely tests the iron * 

A patent was taken out in 18S9 by Mr Wilks for making 
both the boxes and sciews of tail vices and presses in malleable 
cast iron The peculiaiities in the moulding processes aie that 
the core foi the hollow woim oi box, is made in a biass core box, 
divided longitiidinallyinto thiee paits, which aiefilled separately, 
and closed together with a stick of wood in the center to stiffen 
the core and serve for the core punt The coi e box is then con 
nected by rings like the hoops of a cask this completes the core, 
which IS lemovecl, diied, and inserted in a mould made fiom a 
model of the exterior of the box constructed as usual 

In moulding the solid screw, the paoulding fl isk is a tube with 
a cap having an internal thread, exactly like that of the screw, 
the tube is failed with sand, and a plain wooden rod, nearly equal 
in diameter to the axis of the screw, is thrust in the sand to 
form a cavity The screwed cap is then attached to the flask, 
and a biass screw ex ictly like th xt to be cast, is guided into the 
sand by means of the screw cap, and taps a thread in the sand 
mould very accurately Ihe screw cap is then removed and the 
second part of the flask in which the head of the vice sciewhas 
been moulded, is fitted on, and the screw is poured 

After having been cast, the screws and boxes are rendered 
malleable in the usual way except that they ai e placed vei tically , 
in general the box is slightly connected with a screw tap 
Large quantities of screws have been produced by Mr Warren s 
patent piocess foi manufacturing screws of malleable cast non 
for joinery woik a most ingenious plan is employed therein for 
winding the models into and out of the solid sand mould, which 
IS thereby made beautifully smooth and accurate Aftei the last 
description the general method wiU be readily understood, if it 
be considered that the first side of an ordinal y flask is rammed 
full of sand on an iron plate liaviug conical piojectious like the 
heads of sci ews, in regular lines half an inch asunder, and i ibs to 
foini the clnxinols by which the metal is to be admitted The 
flask when filled is placed in a machine, beneath a plate of metal 


* Applied by the Wii^bts Vico niakois of T ii minium Soo Toclmolo^ical 
Roposiiory, vol vi p 289 1 oi tlio mode of soldering the ihread m the box or the 
hollow Hcu w oi ilu vice h(c tlu Hanu papci uid also vol i p 443 of tliiH woik 
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With screwed holes also half an inch asunder and each fitted 
with a pattern screw, teiminating above in a crank like a winch 
handle say of J inch radius 

Any of these screws on being turned by its crank with the 
fingers, would pierce the sand as in Wilks s process but by em 
ploying ei CO ank plate pierced with a like number of holes to 
receive the pins of all the cranks the whole of the sciew models 
are tvi&ted in at once, and removed with the same ficility 

The notches of the screws are cut by a ciicular saw, if large 
they may be moulded The cast iron sciews are subsequently 
rendered malleable, by the decaibonizmg piocess desciibed lu 
the foimer volume, pages S59 260 ^ 

Ml Peikms s patent cast iron water pipes, with screw joints, 
may be consideied as another example The patent pipes aie 
connected with right and left hand screws and loose sockets, 
which draw the ends of the pipes into contact, oi lathei against 
a thick gi eased pasteboard washer intei posed between them 
Ihe pipes aie made entirely by foundry woik, and from patterns 
and core boxes divided in halves in the ordinary mannei 
Mr Peikins sajs that although the patent pipes possess several 
advantages over ordinary cast non pipes with the ^p^got and 
/aitcet joint, they aie produced at the same puce, and save much 
ultimate expense in fixing t 

In Mr Scott s subsequent patent for joining cast non and 
other pipes for vaiious fluids, the method commonly known xs 
the ‘union joint ^ is employed and which ofieis addition il 
facility in the removal of one pipe from the midst of a series 
Each pipe has at one end a projecting external screw, and at 
the other a pi ejecting fillet or flange the socket is cast loosely 
around the pipe, but is prevented from being removed oi lost by 
the projections at each end of the same The inside screw of the 
socket cast upon the first pipe a, screws upon the external sciew 
of the next pipe h, until the socket comes in contact with the fillet 
on a, and thus diaws a and h into close contact with the washer 
that IS placed between them One cast non pipe and its appro 


* Date of Mr Warren s patent for an improved machine for maUng screws 4th 
August 1841 described in Rep of Patent Inv for March 1843, also m the Glasgow 
Mechanics and Engineers Mag same date The machine was consti acted by 
Mr Ingram of Birmingham and is successfully worked by him 

h Date of patent, 21st Sept 1841, described in Ilep of Patent Inv Oct 1841 
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pnate socket are moulded at one operation winch is curiously 
accomplished by the use of two sand cores, the inner ot uhich 
IS of the length of the pipe, and solid as usual the outer coie 
IS made as a loose ung around the inner The union joint is 

diffeiently produced by Mr Scott m wrought iron and soft 
metal pipes * 

Apecuhu method of making screw joints is employed m 
1 and s patent collapsible tubes foi pieserving paints piOYl 
sions, &c The tin whilst at the ordinary atmospheiic tempe 
ratuie, is forced, almost as a cement, into the screwed recesses of 
brass or iron moulds and the threads are thus made to assume 
the helical form, with great rapidity, uniformity, and perfection t 
Indeed it is difficult, nay impossible to find the limit of the 
methods employed in producing, or those of subsequently em 
ploying tins inteiesting object, tlie screw, which not only enters 
in endless vaiietyinto appliances and structures in metal, wood, 
and othei m itenals, but is likewise rendered available in most 
dificient yet impoitant modes, as in the screw piles for sandy 
foundations, screws for laising water, for blowing furnaces 
veiitihitnig apaitnients, and propelling ships 

Should it appeal that the formation of the screw has been 
treated m gieater detail than the other subjects with which 
it IS associated, either as regards the modes of proceeding oi 
the mechanism employed , the author would observe that it 
liim that by this mode alone lie could mtioduce in 
something like Older, a vaiiety of interesting particulars, which 
although they have occupied very many pages, are but as a 
fiagmeiit of what might be said on a subject 'vshicli has engrossed 
so much attention 


Date of patent OtliJuly 1842 See Mechames Magazine 1843 page 104 
1 Rand 0 second patent f 01 making collapsible vessels 29th Sept 1842 TJndei 
the first patent the tin was drawn into tube (see vol i p 431 ) and the convex and 
screwed ends wore cast and soldered m by the improved method the entire vessel 
IB made from a small thick perforated disk of tin by one blow of a fly pi ess The 
lowei paifc of the mould has a shallow cylindrical cup concave and tapped at the 
baHO th( upper patt of the mould is a cylinder as much smaller than the cup as 
the intended thiiknoHS of the meid which on the blow being given, is compi eased 
into the H( n w and asconds four or five inches up the cylindei or ram For hige 
Hi/(m a hydioHtatiG pioBS is employe d 


1 \ 
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CHAPTEE XXVII 
SAWS 


SECTION I DIVISION OF THE SUBJECT I OEMS OF SAW TFFTH 

The saw is tlie instrument winch is almost exclusively em 
ployed for converting wood, ivoi} , and v uious other substances 
fiom then original forms to those shapes lequiied in the arts, 
and in genei tl, the thin seiiated blade pioceeds along the super 
ficies of the required object whethei they be plane, ciicular, 
or irregular and effects its office with consideiable speed and 
accuracy, and compaiatively insignificant waste Unless a tree 
IS felled with the axe, the sxw is emiiloyed, fiist, in the forest in 
separating the tiee from its loots, and cutting it into lengths 
convenient for transport , the saw is next used at the saw pit in 
converting the timbei into plank and scantling, of vaiious diineii 
sions and the saw is subsequently employed in the workshop, 
by the joiner, cabinet maker, and numeious other aitisans, iii 
reducing the plank oi board into smaller pieces, ready for the 
application of the plane, the file, and othei finishing tools In 
some elaborate and highly ornamental aits, the saw, as will be 
shown, IS neaily the onlj instiumcnt used 

Many of the machines now emplojcd m sawing aie, as it will 
be seen, derived fiom similar processes before executed, and in 
many cases less pcifeetly so, by hand labour The saw is but 
little used for similar preparatory works m metal, the figuiatiou 
of which IS foi the most pait, accomplished by the furnace, 
the hammei oi lolleis, matteis that have been desciibed in 
the fiist volume 

It IS propose d to consider saws m two groups, namely recti 
linear saws, and circular saws the pieccdencc will be given to 
the moie simple kinds, or those rectilinear saws used by hand, 
and generally without additional moclianisn , conditions which 
do not apply to the ciicular saw, winch is always c ombined with 
someportion of machmciy And for the peispicxiity of the whole 
subject it has been thought best to place the general lemaiks 
on the forms of teeth of saws, at the begnmnig of the chapter. 
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from wlucli arrangement many acUantages apiDear to arise 
notwithstanding that it implies the necessity for adverting to 
various saws before then specific orpaiticulai descriptions have 
been given and which objection will be m pait lemoved by the 
previous inspection of the tible on pxge 609 

The blade of the rectilineal saw is usually a thin plate of 
sheet steel which m the first instance is rolled of equal tliiclv- 
ness thioughout the teeth are then punched along its edge, 
previously to the blade being hardened and tempered, after 
which it IS smithed or hammered, so as to make the saw quite 
flat The blade is then ground upon a gundstone of considei 
able diameter and principally crossways, so as to reduce the 
thickness of the metal fioni the teeth towards the back When 
by means of the hammer, the blade his been rendered of 
uniform tension or elasticity, the teeth are sharpened with a 
file and slightly bent, to the light and left alternately, in Older 
that they may cut a groove so much wider than the general 
thickness, as to allow the blade to pass freely through the 
gioove made by itself The bending or liteial dispersion of 
the teeth is called the set of the saw * 

The ciiculu saw follows the same conditions as the lecti 
linear saw if we conceive the light line to be exchanged for the 
cncle, with the exception tint the blxde is, for the most part, 
of uniform thickness thioughout, unless, as in the circular \ eneei 
saws, it IS thinned away on the edge, as will be explained 
It IS to be observed that the word pitch when employed by 
the saw makei almost always designates the %nchnat%on of the 
face of the tooth, up which the shaving ascends , and not the 
interval from tooth to tooth, as in wheels and screws 

In the following diagrams of teeth, winch, for comparison, are 
drawn of equal coarseness oi size, some kinds are usually small 
and seldom so distant as J an inch asunder these are described 
as having 2, 3, 4, 5, to 20 points to the inch and such of the 
other teeth represented as are used by hand, are commonly 
from about I to 1|- inch asunder and are said to be of | oi U 
inch space although some of the ciiculii saws are as coaise as 
2 to 3 inches and upwards fiom tooth to tooth 

* For the mode of hardening and tempering saws the reader is lefened to vol i 
pp 249 — 250 of this woik and for the piinoiples upon which they are flattenod 
and rendered of uniform elasticity to the same volume pp 414—42^ 

Y A 2 
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The usual rauge of size or space for each kind of tooth is 
accordingly expressed beside the diagrams as aie also the angles 
of the faces, and of the tops of the teeth measui ed fi om the Ime 
running through the point of the teeth, or the edge of the saw 
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The angle of the point itself will be found by subtracting the 
angle of the back from that of the face of the tooth, or the loss 
fiom the greater of tlie fiist two numbers 
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The four vaiieties of teeth at the comuaencement of the an 
nexed grouj) from piesenting the same angles m eithei diiectiou 
albo cut m both diiections m fact the face and back may be 
consideied to change places m each alternate cut These teeth 
aie used foi such cross cutting saws as have a handle at each 
end and are worked by two or more men , as in cutting down 
trees and dividing them when they have been felled , and similar 
saws are used foi the soft building stones when they aie first 
laised from the quariy Fig 610 is called the ^eg tooth, or the 
fleam tooth, and is much used m North Ameiica and elsewhere 
fig 641, the M tooth which is so named fzom its resemblance to 
the letter, is now but very rarely employed , fig 643, the half 
moon tooth, is used m South Ameiica for cross cutting , and 
fig 643 IS that commonly described as the cross cutting tooth, 
although in England the peg tooth or 640, the hand saw tooth 
or 645, and the gullet tooth 650, aie also used for cross cutting 
timber, more especially the last form when sharpened more 
acutely than usual, and used to cut m one diiection only 

Refeinng to the pieliminaiy lemaiks on cutting tools, pages 
457 to 403 of the present volume, it will be seen that saws were 
considered to belong to the gioup of scraping tools, and that e 
and/ fig 316 weie viewed as the generic forms of the teeth, the 
angle of which is commonly 60 degrees from the circumstance 
of the simple angular teeth being mostly produced by angular 
notches filed with two of the sides of an equilateral triangular 
file , and therefore the points assume the same angle as the 
spaces, or 60 degrees 

But the angle of 60 degrees is variously placed , for instance, 
the teeth in fig 643 aie said to be uptight, or to have no pitch 
and the teeth in fig 646 to be flat, or to have consider^^ble 
pitch these may be considered as the exti ernes of this kind of 
tooth between which every inclination or pitch is more or less 
used but for the sake of definition, four varieties have been 
ashuined the straight hues of which are 15 degrees asunder 

Fig 613 as all exdy explained, is the oidmary tooth for cioss 
cutting, and which, from presenting ec^ual angles on each side, 
lb said to be of ihpi ight pitch The tooth th it is, howevci, more 
generally used for small cross cutting saws is fig 644 which 
IS inclined about 15 dcgiees fiom the last Ihis foim of 
tooth, called slufht pitch, is used loi the cross cutting saws for 
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firewood, those foi joineis use, and also foi those employed 
m cutting up ivory in vhicli latter case the blade is stretched 
in an non frame 

Fig 645 IS the tooth m most general use it is known as 
ordinary jpitch oi the hand saw tooth The face is perpendicular 
and the back inclines at an angle of 30° fiom the edge of the 
saw, or the line of woik Most of the saws used by cabinet 
makers and joiners aie thus toothed or rather at an inclination 
inteimediate between figs 644 and 645 

The tooth, fig 615 is likewise generally employed for saws 
used for metal, for ciicular saws used for fine woik, including 
veneei saws, and foi many of the ciicular saws foi cioss cutting 
In fig 646 the f ice of the tooth is * set forward or stretches 
beyond the perpendicular at an inclination of 15 degiees this 
land IS employed in mill saws used abioad for soft woods, and 
they aie the most inclined of those teeth foimed by the two 
faces of the tiiangular file at the one process 

Nearly the same tooth as fig 646 is also used foi ciicular saws 
and cutters foi metal The object is then to assimilate the points 
to those suitable to tools for turning the metals , therefoie, the 
angle of separation betwixt the end of the tooth and the plane 
to be wi ought is made small The hook form of the point is 
incidental to the employment of the triangulai file, and is also 
proper for the mateiial to be cut 

Fig 647 IS a form of tooth that is set foiwud like 646, but 
the point IS moie acute than the last five, or it is about 45 
degrees instead of 60 It is used foi some circular saws, 
and occasionally also foi pit saws and cross cut saws , and is 
fiequently employed foi cutting soft Bath stone 

Sometnncb the acute angulai notch is not continued to an 
inteiiial angle a method adopted in some mill saws, both those 
of oidinaiy oi peipeudicular pitch, fig 648, and those of gieitci 
pitch or inclination, fig 649, the foimer being moic common 
foi rectilinear, the lattci foi ciiculai saws Vaiious intcimcdiatc 
forms aie met with 

The thiec kinds of teeth, figs 647, 618, and 649, fiom being 
more acute than 60 degicts, cannot bo sharpened with the 
oidmary three squaie oi equilateial file, as it will not reach to 
the bottoms of the teeth T he mill saw file is then used, namely, 
a thm fl it fide with square oi round edges, as the dclmition 
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of the inteinal angle is not needful although given by the punch 
in the formation of the tooth The angular mill saw teeth are 
employed, partly because they aie more easily sharpened than 
the gullet teeth which conclude the series of diagiams 

The teeth, figs 650 to fig 653, are called gullet teeth, on 
account of the laige hollow or gullet that is cut away in front of 
each tooth m continuation of the face and they aie also known 
as briar teeth The tooth is m general cut by one punch filling 
the entiie space , but two punches an angulai and a gulletmg 
punch have been occasionally used 

The gullet is adopted to allow the tooth to be sharpened with 
a round or half round file, by which the face of the tooth becomes 
concave when viewed edgeways, and acquires a thin and nearly 
knife like edge, as will be explained The inci eased cuivilinear 
space allows more room for the sawdust, and is less disposed to 
letain it than the angular notch 

For the facility of explanation, the faces of the teeth differ 
fifteen degrees in pitch, and the tops of the tooth are variously 
inclined to the edge of the saw as tabulated The medium 
kinds figs 651 and 652 are perhaps more common, xlthoughthe 
saw maker forms the teeth originally more acute for the facility 
of fiibt sharpening and the sawyer sometimes neglects to 
file the gullets in the same propoitioii as the tops, by which the 
advantage attending the gullets is m a measuie lost Each 
alternate tooth appears to be deeper than the others, but this 
only arises from the peculiar mode of sharpening the gullet with 
a round or half round file, which makes a broad chamfer, the 
edge of which is elliptical 

1 or the general purposes of pit saws, and also for straight and 
ciicular mill saws, the medium teeth, 651 and 652, aie suitable, 
but for haid woods, as mahogany, rosewood, and others and also 
for cross cutting, the form should lean towards fig 650 and 
tor soft woods and ripping with the gram, towards the more 
inclined tooth, fig 653 The whole of the forms of teeth may 
be materially diverted from those originally given by the siw 
inakei, in the impoitant process of shaipeniiig, and which will 
be now described, as tbe most proper way of concluding the 
remarks respecting the angles or bevels given to the edges of the 
teeth, independently of their simple profiles 
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SECT 11 SHARPENING AND SETTING SAWS 

The piocesses denominated sharpening and setting a saw con 
sist as the names imply, of two distinct operations the fiis^ 
being that of filing the teeth until their extiemities aie sharp 
the second, that of bending the teeth in an equal manner and 
alternately to the light and left so that when the eye is diiected 
along the edge, the teeth of rectilinear saws may appear exactly 
in two lines, forming collectively an edge soinevihat exceeding 
the thickness of the blade itself 

Ciicular saws lequire exactly similar tieatment, if we con 
sidei the tangent of the ciicle to be substituted for the right 
line, and therefoie the shaipenmg of stiaight saws will be fiist 
desciibed, and those peculiarities alone which attach to the 
shaipenmg of ciiculai saws will be then sepaiately noticed 
Setting the teeth which in practice is always subsequent to 
the shaipemng, will also be placed subsequently m the section, 
the commencement of which will be devoted to the modes of 
holding the saw m the operation of sharpening and the descrip 
tion of the files used 

In sharpening the saw it is mostly fixed peipendiculaily, and 
with its teeth upwaids ^allous modes being adopted according 
to circumstances The tail vice used by the saw maker in 
sharpening the saw measures fiom nine to twelve inches wide 
in the chops, and also nine to twelve inches high, oi above the 
screw , proportions exceeding those of tail vices used by mccha 
nicians generally Slips of wood, or clamps of sheet lead bent 
to the figure of the jaws of the vice, are interposed betwt en the 
saw and the vice so that the elasticity of the wood, oi the 
inelasticity of the lead may give a firm hold, and prevent the 
disagieeable screeching noise that accompanies the action of 
the file when the saw is msecuiely held, and tlio gicatci the 
noise the less the amount of woik that is done 

The joiner employs a wooden vice resembling that of the saw 
makei as to piopoitions, but it is fixed in the sciew chops of his 
work bench 

In sharpening pit saws the sawj ci seldom finds it neccssaiy 
to remove the handles oi frunes The long or whip saw, and 
others not having fiames, ue suppoitcd in the halving hoist, a 
tiestle about five feet long iiid two feet high, with foiii oi fi\e 
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iipnglits 01 wooden pegs, sawn half way thioiigh to receive the 
back edge of the blade, the hoise raises the edge of the saw 
about thiee feet from the giound 
A more convenient mode is to have in jointed lioi se, fig 654, the 
two halves of which open somewhat like the j iws of a pair of 
plieis , when the saw has been inseited, the legs of the hoise are 
distended by the stietcheis at the ends and fix the blade 



ihe files used in sharpening sa vs aio tiiangular, round half 
lound, and mill siw files ihe equilateral tn angular files, com 
monly designated as thiee square files, vaiy from about thiee to 
nine inches long, foi small saws they aie gcneially taper, foi 
huge, sometimes nearly paiallel when they are called blunts, a 
term applied to other nearly parallel files Ihe triangular file 
IS exclusively used for the teeth of figs 643 to 646, and more or 
less foi all the rectilinear teeth For small teeth, the double 
cut Lancashire files are the most used, on account of the keen 
ness of then edges, and the common size is 4|- inches long The 
generality of other saw files are single or float out, that kind of 
file tooth being consideied to ‘ cut sweeter, and do more work 
Bound files fiom 5 to 8 inches long are used in saw nulls tor 
the gullets of the teeth, figs 650 to 653, and flat files for the 
tops bat the pit sawjer and some others always employ half 
lound files, as the one instrument may be then applied to 
both puiposes these files are always blunt or paiallel 

Mill saw files arc in gcnei il thin, flat and paiallel, from 6 to 
1 1 inches long flo it cut on the sides, and with smooth, square 
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edges Sometimes, however, they have round and cutting edges, 
and are of taper figure 


The five ordmar} modes of sharpening saws will be explained 
and illustrated byenlaiged diagiams in three views, which denote 
the ways in which the teeth aie bevelled and set but a few 
general observations that apply to each mode will be fiist given 
In general the angles of the points of the saw teeth are moie 
acute, the softer the material to be sawn, agreeably to common 
usage in cutting tools , and the angles of the points, and those 
at which the files aie applied, are necessarily the same Ihus 
in sharpening saws for metal, the file is geneially held at 90 
degrees both in the horizontal and vertical angle, as will be 
shown, foi very hard woods at fiom 90 to 80 degrees and for 
very softwoods at from 70 to 60 degrees, or even more acutely 
The vertical angle is about half the horizontal 
In general the horizontal angle of the file is alone impoitant, 
(that IS, consideiing the saw blade \ertical and with the teeth 
upward ) although to assist the action of the file it is customary 
to depress the handle a little below the point of the file, and 
only to file on those teeth which are bent fiom the operatoi 
When the tooth that is bent towards the individual is filed, it 
vibrates with much noise and is disposed to stiip off the teeth 
fiom the file, instead of being itself reduced 

To insure the action of each tooth, the edge of the saw should 
be quite straight , jt is therefore occasionally topped, by laying 
the file divested of its handle, lengthways upon the teeth, 
and passing it along once or twice, to reduce these few points 
which may be above the general level The file is pressed haul 
at the two ends of the saw, wheie the blade is less worn and is 
applied lightly in passing the middle , the file should be held 
peifectly squaie to reduce the edges alike The new point of 
each tooth is then made to fall as neaily as possible upon the 
center of the little facet thus exposed by the process of topping 
or ranging the teeth and the faces or fionts of the teeth aic 
always filed before the tops of the same 
When the file is peifectly square to the saw plate, every tooth 
IS sharpened exactly alike, and in direct succession, that is, in the 
oidei 1, 2, 3, 4 Whenever the file is inclined, the teeth 1, 3, 
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5 7, 9, are sharpened, say to the light, and the teeth S, 4, 
6, 8 to the left after which they are set in the same order , 
so as collectively to form a double line of points somewhat 
resembling the tail of a bird, when the section is coarsely mag 
iiified and exaggerated as m the seveial diagrams to be given 
The teeth are the moie set the softei or the wetter the wood 
The first diagram on sharpening saws, fig G55, represents in 
plan and two elevations the saw teeth that are the most easily 
sharpened namely, those of the fiame saw for metal commonly 
used by the smith, the teeth of this saw aie not set or bent 
in the oidinary manner, owing to the thickness and hardness 
of the blade, and the small size of the teeth 


Fig 655 



The smith’s saw blade, when dull is placed edgeways upon the 
jaws of the vice, and the teeth, which are placed upwards, aie 
slightly hammered , this upsets oi thickens them in a minute 
degiec, and the hammei face reduces to a general level those 
teeth which stand highest 1 hey are then filed with a tiiangular 
flic held peifectly square, or at ninety degrees to the blade, both 
in the hoiizontal direction h, and the vertical v, until each little 
facet ]ust disappears so as to leave the teeth as nearly as possible 
m a line, that each may fulfil its share of the work 

The most minute kind of saws, those winch are made of broken 
watch springs have teeth that are also sharpened nearly as in 
the diagram, fig 655, but without the teeth being either upset 
01 bent as in very small saws the tailing burr, or rough wiry 
edge thrown up by the file, is a sufficient addition to the thick 
ness of the blide, and is the only set they receive 

1 luec modes of spacing out the teeth of fine saws will be 
now descubed, and which modes, although not employed by the 
siw makci, may assist the amateur who is less accustomed to 
the use of the file 
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iFine saw teeth aie sometimes indented with a double chisel, 
fig 656, the one edge of which is inseitecl each time in the 
notch previously made, and the othei edge makes the following 
indentations the intervals thus become exactly alike, and the 
teeth aie completed with the file For still moie delicate saws 
recourse may he had to a little bit of steel bent at the end as 
a minute rectangular hook, which is magnified in fig 657 , the 
hook 01 filing guide, being inserted into each tooth as it is sue 
cessively formed, regulates the distance of the file for the next 
tooth, as the file is allowed to bear slightly against the blunt 
and hardened end of the hook 


Figs 656 


He 


657 
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Hie third mode is used for piercing and inlaying saws, these 
measure about one one thirtieth of an inch wide one one hun 
diedth thick, and have about twenty points to the inch for wood, 
thiity for ivory, forty for ebony and peail, and sixty foi metals 
They are made from pieces of watch spiing, which aie stiaight 
eiied by rubbing them the leverse way of their cui vatuio through 
a greasy rag, after which they aie cut into stiips with shears 
When the saw is either being made, or shaipened it is kept 
distended in its frame and is laid in a shallow groove oi keif 
in a plate of brass embedded in the wood block, fig 658 which 
IS clamped to the table First, the back of the blade is filed 
smooth and lound the edge is then smoothed , aftei winch the 
teeth aie set out, beginning near the handle of the frame 
Ihe spaces between the teeth are deteimiiied, m this case, by 
the facility with which the hand appreciates anj aiigulai position 
to which it IS accustomed ihus m the act of filing the teeth, 
— the file IS always used, say at an hoiizoiital angle of twenty 
degrees with the blade— the file is sent once thiough the fiist 
tooth, and allowed to rest for an instant without being drawn 
backwards , the file still resting m the fiist notch of the blade 
as shown in elevation is then placed two to five degiees neaier 
squaie m the hoii/ontal angle, oi at fifteen degrees with the 
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blade, instead of twent}’’ It is then supported for an instant on 
the edge of the wood block, and laised out of the notch , the 
file, whilst siippoited on the block, as in the dotted line is 
replaced on the saw at twenty degiees, its fiist position By 
the two lateral movements it is shifted a trifle to the right, and 
a second notch is made at the spot thus determined The 
routine is continued, and after each traverse of the file the 
stepping piocess is lepeated, during which the file lesis altei 
nately on the saw blade, and on the edge of the block, by which 
curious yet simple mode the spaces of the teeth are given with 
great rapidity and exactness 

In this first range each notch has only received one stroke of 
the file , but three or four ranges commenced from the other 
end of the blade are lequired to bring the teeth up shaip 

The second diagram, fig 659, illustrates the peg tooth, but it 
may also be considered to apply to 641 the M tooth, and, m part, 
to the mill saw tooth, 648 The points of the cross cutting 
saws for soft woods are required to be acute or keen, that they 
may act as knives in dividing the fibres transversely 

Tig 659 





h f 


The sides 1,5 9, that is, the left of each alternate tooth, are 
first filed with the horizontal angle denoted by h, and then the 
opposite sides of the same teeth, or 2, 6, 10, with the reverse 
inclination or h' The other teeth are then treated just in the 
same manner, fiom the other side of the blade , that is, first the 
sides 12, 8, 4 and then 11, 7,3, are successively filed, the work 
being thus completed in four ranges The first and second 
ranges aie accomplished, a few inches at a tune, tin oughout the 
entire length of the saw, after which the thud and fouith aic 
completed in the same inteirupted order 
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The tlmd diagram, &g C60, may be considered to refer gene 
rally to all teeth the angles of which aie 60 degiees (oi the 
same as that of the tiiangular file,) and that are used for wood 
Jfhe most common example is the oidinaiy hand saw tooth hut 
teeth of upright pitch, such as the cross cut saw fig 643, or of 
considerable pitch, as in 646, are treated much in the same 
manner 


Fig 660 



The teeth having been tonped, the /aces 1, 5, 9, aie first filed 
back, until they respectively agree with a dotted line a sup 
posed to be drawn through the center of each little facet 
produced in the topping , the file is then made to take the 
sides 2 and 3 of the nook until the second half of the facet is 
reduced, and the point of the tooth falls as nearly as maybe on 
the dotted line a The two sides 6 and 7, those 10 and 11, and 
all the others, are similarly filed in pairs The latter process 
reduces the second series of faces 3, 7, 11, to their propei 
positions, and therefore when the saw is changed end for end, 
it only remains to file the tops or sloping lines 4, 8, 12 

The first course takes the face only of each alternate tooth 
the second course the back of the former and face of the next 
tooth at one process and the third course takes the top only 
of the second series, and completes the woik This older of 
proceeding is employed that the faces of the teeth may be in 
each case completed before the tops or backs 

The fourth diagram, fig 661, which follows next in order, 
exhibits also in three elevations a somewhat peculiar foim of 
tooth, namely, that of the pruning saw for green wood The 
blade is much thicker on the edge than the back, so that the 
teeth are not set at all The teeth are made with a triangular 
file, applied very obliquely as to horizontal angle, as at h, 
sometimes exceeding 45 degiees, but without vertical inclina 
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tion as at -y , md the faces of the teeth aie nearly upright, as 
in the hand saw 



\ \ // 'w W { 

A 

Looking at the pinning saw in profile it appears to have large 
and small teeth alternately this only arises fiom the excessive 
bevil employed , the large sides of the teeth are very keen, and 
each vertical edge is acute like a knife and sharply pointed 
in consequence of which it cuts the living wood with a much 
cleanei surface and less injury to the plant, than the common 
hand saw tooth 

The fifth diagram fig 662, explains the method employed in 
sharpening gullet or briar teeth , in these, as before explained, 
there are large curvilinear hollows, in the formation of which 
the faces of the teeth also become hollo\ved so as to make the 
projecting angles acute 



The gullets, 3 7 11 are fiist filed and from the file crossing 
the tooth very obliquely, as e^ivv in the section, the point of the 
tooth extends around the file and gives the curvature represented 
in the plan The file should not be so laige as the gullet 
it IS theiefore leqmsite that the file be applied in two posi 
tions, fiist upon the face of the one tooth, and then on the 
back of the preceding tooth The tops of the teeth, 4, 8, 12 
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aie next sharpened with the flat side of the file the position 
of which IS of course determined by the 
former varies with the material fiom about o to 40 dtp ees with 
the edge and the latter from 80 to 60 depees with ^e side ot 
the blade, the first angles m each case being suitable foi tk 
hardest and the last foi the softest woods Ihe dtcinpe teeth 

having been sharpened, the remainder are completed fiom tlu 

other side of the blade, requiring in all fom laiiges 

The gullet tooth accomplishes, in a different maniiei, and 
m one possessing some peculiar advantages, that which occiiis 
from the horizontal inclination of the file m most other cases , 
and although the position may seem difficult, it will be found 
very manageable, as the hollow forms a convenient bed for the 
file — See Appendix, Note B Ii, page 1011 

The saw having been sharpened it is aftciwaids set, or as 
before explained, the teeth are bent Hie best iiiodo is that 
which IS almost always adopted by the saw maker, who fixe s in 
the tail vice a small anvil or stake with a rounded edge', sue !i ns 
fig 663 The saw is held with its teeth along the cc iitei of the 
ridge, and the teeth are bent upon, or rather aiouiid the ciiivc of 
the stake with two or three light blows of a small hanniu r also 
shown, the face of which is at right angles to the handle, and 
narrow enough to strike one tooth only 



The set, or lateral curve, given to each alternate tootli, is in 
great measure determined by the curve of tlm stake , the edge o( 
which for fine saws has a ridge like a pointed gothic window 
Half the teeth having been bent, the saw is changed tnel fin 
end, and the intermediate teeth arc similaily tioalcd 
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Those who aie less used to the treatment of the saw employ 
the saw set foi bending the teeth it consists of a narrow blade 
of steel with notches of various widths for diffeieiit saws, fig 
664 IS foi large, and fig 665 for smill saws In using the 
saw set the saw is allowed to remain m the clamps ifter having 
been filed, and the alternate teeth aie inseited a little way in 
that notch which fits the blade the most exactl} , and they iie 
bent ovei by appljing a small foice to the handle, which is either 
raised up or depiessed equally foi each tooth 
In some few cases saw set pliers, fig 666 are used Tv\o 
adjustments are required, lespectnely to determine the quantity 
of the tooth which shall be bent, and the angle that shall be given 
to it Ihe quantity is adjusted by shifting the stop 6, which 
is held by the thumb sciew c, that passes thiough a mortise in h 
the angle of the pait bent is adjusted by the sciew d The tooth 
IS fiist giaspcd between the jaws of the pliers, which aie then 
rotated until the sciew d touches the blade a 



In which way soever the saw is set it lequiies to be accom 
plished with gieat uniformitj, so that the two seues of points 
may foim two exact lines It is proper to change ends with 
the blade m order that each side may have as nearly as possible, 
the same tieatment, as unless the two sides of the saw are very 
nearly m the same condition, or set alike, the saw is apt to lun, 
or cut a crooked instead of a stiaight path it cuts most lapidly 
on the side that is most set, and consequently glances oil in a 
curve fiom its too lapid encroachment 

Ihe only changes m tieatmg the cncular saw arise fiom the 
diffcience between the light line and the curve , th it is, the file s 
arc applied in the same relation to the Irwgentoi the caclo, that 

/ / 
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the}’' are to the rectilinear edge of the straight saw When 
the teeth of circular saws are topped a small lump of gimdstone 
IS held upon the saw bench and against the i evolving saw and 
moved continually sideways, the highest teeth are soon rubbed 
down, indeed almost in a moment, as only a very small quantity 
IS thus removed from them , sometimes a file is used instead of 
the stone 

In sharpening circular saws with angular teeth, and the tops 
of gullet teeth, they are clamped between two upnght boaids, 
connected by a SCI ew passing thiough the centei of the saw 
For saws of small diameter the thiee aie nipped in the vice 
hut for large saws the hoards aie shaped like the letter T and 
are screwed against an upnght post or the side of the bench, by 
a sciew bolt and nut 

In gulletmg ciicular saws the two boaids giasping tlie saw 
are often fixed at an angle of about 30 degrees, by wliicli tbc 
file IS brought to the boiizontal position, and tlie saw is tuiiiod 
ovei when the gullets on one side have been finished 



In setting the teeth of the ciiculai saw, all the foimer modes 
may be employed and also one othei little instiument ■which 
IS represented in fig 667 It consists of a bed oi anvil of steel, 
which IS held in the vice at a it has an axis c, placed at such a 
distance from the sloping plane on a, as suits the ladius of the 
saw, and the end b of the nppei piece, which is somewhat elastic, 
IS filed to a conesponding angle, and is besides pointed so that 
the blow of the hammer may only bend or set one tooth at a 
time, as shown by the dotted lines in the inverted plan h' ihe 
axis, shown detached and in the other view at c', is a turned 
block of brass having a shouldei to fit the hole in the saw, two 
diametrical moitises lor the pieces of steel a and h, and also live 
binding sciews to letain the seveial paita in position 

SECT la — EECTHiINLAE SAWS USED BV HAND 

Eectilinear saws used by hand, aie divisible into thicc gunips, 
as arranged and tabulated on the next page 
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TABLr OF THF DIMPNSIONS OF RrCTILTNTAR SAAAS 


ThcfiiU column lefei a to thepajes vjhete tU saws and Him uses aie desatibed 
Ike l^t coll mn refers to tlui £nmm/ham non wne and sheet non ga e the compansmi 
oj w/iiLti With oidiimuj Uneai measme is given %n the table on imcje 1013 0 / the Apj^endix 


P '1 

700 

701 
70 1 

707 

708 

711 

712 

718 

722 

723 

726 

726 

728 

729 
730’ 
/32’ 

(1) Taper Saws mostly without Frames 

With a handle at tih end 

Length of 
Bhdc 

Width It 
will end 

Wilth it 
11 luoweiK 

Poim of 
loeth 

bliae e of 
lo Jth 

Gage 
ot Mot il 

Cross cut sa’W 

Long pit or whip saw 
Pit trame saw 
elloe 01 pit turning saw 

With a hanillc at one md 

4 t 1 0 ft 

6 S 

4 6 

4 6 

Loiigtli of 
Blade 

6 to 12 

9 12 

7 11 

3 4 

Wieltli at 
wi le end 

1 to 7 i 

3' 5 

3 44 

2 3 

Width at 
nan owtiid 

010 1 (i4j 

1 firo 

65()&;6ol 

I orm of 
l 0 ( til 

f to 1 in 

i 1 

4 i 

4 4 

1 omti 
I>ti uuh 

12 t 1 *. 
12 16 
15 IS 

13 15 

Gage 
of Metal 

Rip saw 

H ilf rip saw 

Hand saw 

Broken space or fine hand 
Panel saw 

Fine panel saw 

Chestsaw (for tool chests) 
’'‘Table saw 

’''Compass 01 lock saw 
’'‘Keyhole or fiet saw 

Pi lining saw 

2st 30iu 
’6 28 

22 2 t> 

2 > 20 

20 24 
^0 24 

10 20 

18 2 b 

8 18 

6 l‘> 

10 24 

7 t 9 i 

6 8 

5 74 

5 7!r 

44 74 

4 6 

2 J 3V 

^ H 

1 14 

4 f 

2 3 

3 to 4 n 

3 34 
>4 3 
n 3 

^ 24 

2 24 
ij 2 

1 1’ 

j 1 

4 14 

()44& 64j 

b44 661 

Sh 

4 

5 
b 

7 

8 

6 to 8 

7 8 

8 9 

9 10 

4 7 

18 

18 to 19 

18 19 
18 10 

19 

19 20 

18 21 
16 19 

18 19 

19 h] 

13 16 

(2) Parallel Saws with Baoi s 

With a handh at one end 

T (iigili ol 
Blade 

Width of 
Blade 


1 01 m of 

J ooth 

1 lints 
pti 11 li 

Gu 

(fMttul 

1 enon saw 

Sash 

Carcase 

Dovetail 

Smith s screw head saw 
Comb cutter s saw 

16t 2 O 1 
14 10 

10 14 

6 10 

3 8 

6 8 

'4 H 

2 2i 

14 2 

4 1 

14 24 

641 & 645 

10 

11 

12 

14 t 18 
12 16 
10 20 

21 

2^ 

23 

24 

15 to 22 
18 25 

( 3 ) PARAiLEr Saws used in Frames 


Sti etehed lengthways 

1 eugth of 
Blade 

Widtli of 
Blalt 


Foiin of 
looth 

Points 
pel in h 

Gage 
of Me tal 

Mill saw 

Mill saw webb 

Veneer saw 

Chau maker s saw 

Wood cutter s saw 
Continent il frame saw 
’'‘luming or sweep saw 
Ivory saw 

Smith s fiamo saw 
’'‘Hercmg siw 
’“Inlaying or buhl saw 

4 to 8 f fc 

4 6 

4 5 

2 O 1 1 30i 

H SO 

15 36 

6 22 

15 80 

3 12 

3 5 

3 5 

4 to 6 in 

3 4 

4 6 

n 

2 3' 

1 1 

1 

U 3 

i 4 

JO 

•5 n 

e48&651 

645 

644 

645 

644 

616 

645 

1 to 1 i 

8 I 

2 4 

3 4 

3 4 

4 1^ 

10 20 

4 6 

10 11 

40 60 

15 10 

10 to 14 

17 20 

19 21 

19 22 

19 2> 

19 24 

19 -24 

22 ^4 

20 26 

TO J ^ 

\ to 
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Ihe first kind of saw is usually taper , and if long ^ 

handle at eich end as in tl.e pxt '^aw but 
exceeding about thiity inches m length it has only ahandle at 

the wide end as m the common ha7ic saw i An fhp 

The second kmd et s»w .s stiffened by n ..b pkeed on the 
back of the saw. and with the teeth the nb o. back . 

generally a cleft bar of iron or biasa os in the lemiB ««», dm 

tail saw, and otheis , , ^ j. i 

The thud kind of sa» la proT.dcd with an ektoinal skeleto, 

by which the saw Hade is stiaiiiod in the ihicction of itslongth, 

like the string of .how, as in the t «> .u» J or .»6<,. »«,. for wood, 

and the how saw or/ravif saw foi ivoiy 

These three classes of saws diftci much m proportions and 
details, as will be seen by the inspcc tion of the foiegomg table, 
and the subsequent leniaiks Hu longest saws aie placed at 
the beginning of each group, and the name s mostly denote the 

oidinaiypuipososofthciespceiivoinstiiumnts 

Immediately suhsequent to the destiiption of the several 
saws, some account will he gm n of the gene lal pin poses of c aeh 
instinment. and of its manipulation Ihe inimbeis prefixed to 
the table, refer to these respective lemaiks, which ait cxpicssccl 
somewhat in detail owing to the importance ot the lustiuineiits 
themselves, and the ciioumstaneo that many of the topics will 
not he resumed Whereas the tuining, boung.and seiew cutting 
tools, the subject matters of the pic vious chaptois, will be more 
or less returned to, in speaking ot the pi utico of tuiniug 


The saw which claims priority ot notice , is that used in felling 
timber, when the axe is not cuiployecl foi the puiposc 

Tliefcllmi saw mostly used ot late >enr8 m this comitxy, is 
a taper blade about five feet long, with oiclinary gullet teeth, 
closely lesembling the eommou pit saw, except that the teeth 
are sharpened moie acutely 

The handle of the wielo end, fig ()(!8, is lixod hy an non holt 
and wedge, that at the luuiow end, lig C(>'), is e aleulatc d for 
two men, and is made of wood, except a plate ot non at the 
bottom attached by imts oi stxews to the wood, so as to make 
a crevice for the saw, which is fixed the leiu by a wooden wedge 
on the upper surface of the black 

When the saw has enteic el a moek lale distune e we dge s au 
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driven m to prevent the weight of the tiee fiom closing the saw- 
kerf and fixing the blade and it is needful the handles should 
be removeable, that one or other may be taken off, to allow the 
saw to be withdrawn lengthwa}S 5 which could not be done, were 
the handles live ted on 



In cross cutt%ng saws the straight handles are sometimes 
attached as m fig 670, by a piece of sheet non seiving as a, 
feirule, and extending m two flaps which embiace the saw, and 
aie riveted to it 

Figs 671 and 072 lepresent two other kinds the foimer is 
attached by a bolt and key, and the spike is iiveted thiough the 
wooden handle In the latter the handle is peiforated for 
the leception of a slender rod of iron, slit open as a loop to 
receive the saw blade, and which is diawn tight by means of the 
nut and washei above the handle 



laige logs, aie made as long as twelve, fouiteen and sixteen, 
feet, nine to cloven inches wide in the centei and six oi seven 
inches at the ends Ihc peg tooth is commonly used tor them 
Ihe long saw, pd saw, oi whq) saw, which follows in the table^ 
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-f IS comnioiily piece of 

IS also tlie next tJiat is commu y rif 

i T 1 r „ +i',p-n -nlaced ovei the saw pit, m oidei that 
timber, which is then piacea uv calh 

the saw may be used m the veitical position by two men called 
respeetivel/the top wm. and tbepit .^an the f-nmr of whom 
stands upon the piece of timber about to be sawn I on 

of the men are highlj fivouiable, as they can give « ° ^ ' 
nenilj peipendicular tiaTeise of thiee or foui fett nd t 
up or return stioke the saw is removed a few mclus 
end of tne saw cut to avoid blunting the teeth, and to allow 

the sawdust fiee escape , , i 

The long saw vanes from about six to eight feet m length, 

accoidiiig to the size of the timber lo adapt it to the 
hands of the sawjeis, it has at the upper pait a tiaiisverse 
handle oi tillei , fig 673, and at the lower a hot , fig 07 1 1 lie 

tillei consists of ahai of non, 
divided at the lowti i>art to 
receive the blade, to whuhit 
IS fixed by asquaicboltpass 
mg thioiigh the two and 
fastened by a wt dge, and at 
the nppci end, the tilkr is 
somctinics fornu d as an c ye 
for a wooden stu k ox c Iso it 
IS made as a folk, and the 
handle is uv(t( d on 

Iho handlt at tin lowct 
pait, hg ()/ 1 IS simply a 
piece ot wood foui oi Ino 
inches di mu tn, and tweh( 
to sixteen long, timu d as a 
handle at cadi tnd , a dia 
inetiical notdi ih nuuU halt 
way thiongh the euitei to 
admit the saw blade, which is fixed by a wooden wedge homo 
times the bottom handle of the long saw is a flat non loop, 
as in fig 675, with a space for the fixing wedge, and an e>o 
for the wooden handle Occasionally a stiew box is nsul* ot 
one like fig 674, but with the one handle sciewcd in, so that 
its point may heir upon the saw, in place ot the wedge In 
all cases it is desiiable the lowei handle should be capable of 
being eisily lemoved 
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TlYiB Jidme saw, fig 676, is commonly used for deals and 
for such pieces of the foreign haid woods as aie small enough, 
to pass between its frame, which is about two feet wide 

The frame saw blade has two holes above or at the wider end, 
and one below and is 
attached to the wooden 
flame by two non buckles 
01 loops, which are split 
about half way round 
The upper buckle fits 
squarely and fiimly to 
the top head, and re 
ceives, above its lower 
side, two pins passing 
through the holes in the 
saw The lower buckle 
is similarly cleft, and le 
ceives one pm only , this 
buckle IS di iwn tight hy 
a pair of equal oi fold 
ing wedges, beneath the 
bottom tiansveise piece 
The blade is usually 
five 01 bix feet long, and 
thinner than that of the 
whip saw, which latter 
although it may be used for the widest timbers is moie wasteful 
In some few cases, wheie the double fiame, fig 676, is inapplic- 
able, as in le moving a plank from outside a veiy laige log, the 
single frame, 677, is used , but this latter is generally nariow, 
and employed alone foi small curvilinear works 


It IS now proposed to give some few particulars of the sawpit^ 
and the modes employed by the sawyers in marking out the 
timber preparatory to sawing 

llic sawpit vanes from about twenty to fifty feet m length, 
foul to SIX. feet in width and five to six feet in depth, it has two 
stout timbers lunning the whole length called side strakes, and 
tiansveise pieces at each end, called head sdls, upon which the 
one end of the timbei lests, whilst the other end is supported 
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on a Uansome, oi a joist tying transversely upon tlie shakes 
a second transome, is used in case of the first bieakmg , tins is 
c died a t7ap tiansoyne 

Sometimes holdfasts or L formed iron brackets aie added to 
the held silL by winch thick pieces of plank aie fixed hoiizon 
t illy screw chops are also used for fixing short pieces of haid 
wood vertically or edgeways, for slitting them 

In cutting deals into thin boards thiee deals, which from 
being as many as the frame of the saw will include, are called a 
pit full, are placed \eitically against the stake and are securely 
ittaohed to it by a rope passed once round the deals and the 
lower end of the stake and strained by a binding stu k 

Foreign tiinbeis and hard woods aie mostly squared with the 
axe 01 adze, foi the comenience of tiansport and close stowage 
on shipboard and such square pieces aie leadily maiked out with 
the chalk line into the scantling, oi the planks and boards 
lequiied Moie skill is called for in setting out the lines upon 
oiu native timbers, which are mostly conveited into iilank, oi 
the vaiious pieces, without being picviously chopped square 
The convorter determines in winch diiection the tiee can be 
cut most profitably into plank and the section cliosen is usuilly 
that, which when opened shows the gieatcst cuivatuie or me 
gularit} , tins section is supposed to be shown longitudinally by 
a h, c, d, fig 678 and, on a laigei scale and tiaiis\ciscty, by 
e fig 679 , the ccutial points a and h and the line b c being 
given by the convertei who also gives instiuctions as to the 
tin cknesses desii ed in the planks 1 he sawy eFs fn st ob) c ct is accu 
lately to maik the maigins of the iiicgulai ccntial plane, ahod^ 
so truly tbit when the lines aie followed with the saw the sui 
i ICC shall ho tine and thoioughly out oj WDuhufj oi twist 

Ihc sawyci gets the timbei on the sawpit, with the hollow 
sido upwards that being always fust inaikcd it is plumbed 
upiight or, so that the plumb line, suspended by tlie hand at z, 
(xaetly intciseets the hue h e wlnoli has been maiked on the 
end ihe butt is the ii secuied from rotating, by dogs oi staples, 
b b, hg 679 driven both into the end of the timber and into tbe 
vertical face of tbe head bill , foi wliuli pin pose the two ends of 
the dogs aie bent at light angles both to each otlu i and to the 
intermediate put of the dog the cxticmitu s of which aie pointed 
with steel, made chisel foini, and haiclened 
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A chalk line is now sti etched m the dotted line fiom a to 
and pulled vertically upwai ds exactly in the plane m which it 
IS desired to act the stung is then let go, as in discharging aix 
allow and sti iking the timber, it leaves theieupoii a poition of 
the white or black chalk with whicli the line was rubbed 



Should the cuivatuie of the timber be such that, as in the 
example, the chalk line would scaicely leach the hollow it is 
btiained on the dotted line a h and left theie , the plumb line is 
hold in the hand at and an assistant holds a piece of chalk on 
the top of the tmibei at the point e The principal then observes 
in the same glance that the plumb line z intersects the string 
a h the hue h 6, and also the point of the chalk, showing thein 
all to bo in the plane of vision , a maik is then made at e Maiks 
aic siimlaily made at / and g, or as many places as may be re- 
(luiied , and, lastly, the points a g, qf,f e, and e b, are connected, 
by short lines stiuck with the chalk line aiound the curve 
The required thickness of the planks is then taken in the 
compasses, with a little excess for the waste of the saw, and two 
tliiee 01 moie planks ate piicked off on each side the centex: 
6 fig 079 , until, fiom the ciicular section of the timber, its 
smfaee becomes so inclined that the compasses would measure 
a slanting instead of a hoiizontal distance, and which would 
dimmish the thickness assigned to the hoaicls 

L h( saw} cr then holds the compasses as it y, and fixing his eye 
on the pait ol the wood peipeudieulaily beneath the off leg oi: 
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the compasses, lie remoies the instrument and pucks a maik 
theiewith , after which the compasses are replaced as at y to see 
that the mark is correct This is repeated at different points in 
the length and the chalk line is stretched fiom point to point 
thus set out with the compasses, and marks the edges of the 
intended saw cuts with sufficient certamt} 

The timber is now turned over, or with c to d, fig 678, upper 
most and the end line exactly perpendicular as before Should 
the piece be very crooked or Inqh hacked the sawj^'er may be 
unable to see ovei it, and obseive the centril marks at the ends 
of the timber, such being the case, the points e, f < 7 , aie tians 
feired to e\ f, g on the top of the timber, by the mode ex 
1)1 lined by the figuie 679 supposed to be a section thiough the 
plane e e' A dog is driven into the timber neai e' and fiom the 
dog a plumb line is suspended , the distance c a;, is then 
measuied with a common rule and measured baokwaids from 
n to by which process e' becomes exactly peipcndicular to e, 
the points / and g are similaily treated to obtain the points / g ' , 
after which the central line is made at foiu opeiations through 
c e'J\ g\d, the plank lines aie set out with the compasses as 
before explained 

Laige timber is usually cut into plank as in fig 679 the 
planks are sometimes flatted 01 then iricgular edges aie sawn 
off and for the most part wasted , but this is not gem rally done 
until the wood is seasoned and brought into use 

When many planks are wanted of the same width, it is 
a moie economical mode, fiist to leave a ccntial paiallel balk, 
as in fig 680, by lemovmg one 01 two boards from each 
side and then to flat the balk, 01 reduce it into planks ihe 
central line is in this case tiansfcued fiom the lower to the 
uppei side, by aid of the sciuaie and rule, instead of by the 
plumb line 

According to Ilassenfrat/, the setting out shown in fig bHl is 
employed m laige wainscot oak, in order to obtain the greatest 
display of the medullaiy lays which constitute the principal 
figure in this wood , and the same aiithoi strongly advocates 
the method proposed by Moreau, and icprcsentcd in fig 
in which he says one sixth more timber is obtained than by any 
other mode, and also that the pieces are less liable to split and 
waip, but on exanumitiou there docs not iTpcar to be any 
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inducement to incur the increased trouble m marking and 
sawing the timber on this method * 


When the timber has been pioperly marked out the sawyers 
take their respective places upon the timber and m the pit 
the saw is sloped a little fiom the peipendicular , that is sup 
posing the piece about eighteen inches through or deep^ the saw 
when it touches the top angle, is held off about two inches fiom 
the bottom A few short tups aie then very carefully made as 
much depends on the saw entering well , and should it fail to 
hit the line, the blade is sloped to the right or left at about the 
angle of 45 degrees, to run the cut sideways and coirect the 
incision in its eaihest stage It is usual to take all the cuts as 
in figs 679 and 680 to the depth of thiee or foiu feet, and then 
the whole of them a further distance, and so on 

When the saw has penetiated three or four feet, a wooden 
heading wedge is driven into the cut to separate the timbei,for 
the relief of the saw , and when from the length of the cut, the 
timber is sufficiently yielding, the hanging wedge is used, which 
IS a stick of timber about twelve to twenty inches long and an 
inch square, with a projection to pi event the wedge fiom falling 
thiough ihe wedges lessen the fiiction upon the saw but if 
too greedily applied they split the wood, and teai up the loose 
paits sometimes obseived in planks 

In sawing straight boards, it is advantageous that the saw 
should be moderately wide, as it the better serves to direct the 
lectilineai path of the instrument, but for curvilinear works, as 
the felloes of carnage wheels, the sawyei emplojs a much 
nariower saw to enable him to follow the curve The blade of 
one kind of felloe saw is about five feet long, and it tapers from 
nearly four inches at the wide, to two inches at the narrow end , 
it is used with a tiller and box, exactly the same as the ordinary 
long saw, and also without a frame 

Ihe moie geneial felloe saw, or pit Uiimng saio^ has a blade 
about inch wide, and is stretched in a frame exactly like those 
lepresented in figs 676 and 677 The tinning saw with two 
side 1 uls is the best where it can be applied sometimes the 


2 Hate lie I i)t du Ohmimtie) ](}m J H Hasbonfrat^ 4to Pans 1804 
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frame is obliged to be made single, and with a wire and screw 
nuts, by which the saw is strained as in fig 677, page 703 

In cutting out very small sweeps as m the small wheels or 
trucks for wooden gun carriages, no fiame whatever can be used 
and slender blades about five or six feet long, five eighths of an 
inch wide, with a handle at each end were employed foi this 
purpose duiing the late war In using the various pit turning 
saws, the thick plank having been sawn out in the ordinaiy 
manner, the woik is maiked off on one side ftom a iiatterii or 
templet and then held down, upon the head sill of the saw pit 
and one transom, by means of the holdfast before noticed 

The np saio, half np^ hand saw, hohen space, panel saio and 
fine panel, which, in respect to appearance aie almost alike, may 
be considered to be lepresented by fig 683 , then differences of 
si/e will be gatheied fiom the dimensions in the table , the 
chest saws aie merely diminutives of the above and such as are 
used for small chests of tools, whence their name 



Ihis kind of saw is made taper in oidei that the blade may 
possess a neaily equal dogiee of stiffness thioughout, notwith 
standing that it is held at the one end, and loceivcs at that end, 
as a tluubt, the whole of the powei applied to the instiument, 
the gieatei width also facilitates the attachment of the handle 
Were the blade as wide at the point, as at the handle oi heel, 
it would add useless weight, and instead of being a source of 
stiength, it would in reality enfeebk the saw, which from the 
inci eased weight at the fai end, would be moie flexible near the 
handle than at the point 

It will be seen that the saws m this group aie piogiessively 
smallei and finer The ? ip saw has the coarsest teeth and 
which are of slight pitch or mid vay between the upiight or 
cross cutting teeth, fig 61 i and those of oidinaiy pitch, fig 615 
the half np is oimilai, but a little fmei , these two aie used in 
caipcntiy foi upping oi cutting fix timber r ipiclly tect/i the guun 
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The hand and fine hand sws are somewhat finer in the teeth,, 
which are of oidmary pitch or the face of the tooth is perpen- 
dicular the hand saws are imich used hy the joiner for oidmary 
purposes, and also by the cabiuet maker foi cutting mahogany 
and otliei hard woods with the giain 

The panel and fine panel aie still finer saws of the same land 
which probably derived their name from having been made for 
cutting out panels when oak and other wainscotting were more 
common m oui houses than plasteied walls and they may he 
considered as intermediate between the handsaw by which 
most of the woik is done, and the tenon or back saw heieafter 
to he desciibed 

The same woikman does not require each of the six saws but 
cominonlj selects the two or thiee most suited to his particular 
class of work, they are principally used for still furthei preparing 
the woods to their several purposes, after they have been cut at 
the sawpit into planks and boards The outlines of the works are 
inaiked out upon the suiface of the plank b} aid of the rule 
compasses and chalk line or the straight edge and square, with 
much gieater facility than setting out the round timber into 
planks, which has been already explained Ihe board having 
been marked is rested upon a sawing stool or trestle, the height 
of which is about JiO inches, if the work be long two stools aie 
employed Ihe woikman commonly places his light knee upon 
the hoard to fix it, and applies the saw on the portion tint over 
hangs the end of the stool 

The saw is giasped in the right hand, and the left is applied 
to the hoard, in oidei that the end of the thumb maj be placed 
just above the teeth and against the smooth blade of the saw, to 
guide it to the line, the saw is then drawn hackwaids a few 
inches, with light pressure to make a slight notch, a short gentle 
down stroke is then made almost without pressuie In the first 
few strokes the length and vigour of the stioke of the saw aie 
giadually incieased, until the blade has made a cut of two to 
four inches in depth , aftei which the entire foice of the light 
arm is employed, the saw is used from point to heel, and in 
extreme cases the whole foice of both aims is used to urge the 
saw foiwaid The blade is occasionally greased to lessen the 
friction, the end of a tallow candle being mostly used, or else 
hog s laid smciicd on x pie( c of tliuk leather 
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In most instances little or no piessnre is directed edgeMa'ss 
or on the teeth , and when the effort thus applied is excessive 
the saw sticks so foiciblj^ m the wooa that it refuses to yield to 
the thrust otheiwise than h\ assuming a bow oi curved foim, 
which IS apt permanently to distort the saw fiom the light line 
1 he fingers shouldnevei be allowed to extend beyond the handle 
or they may be pinched between it and the work 

In order to acquiie the habit of sawing well or in fact, of 
peifonning well most mechanical opeiations, it is desnable to 
become habituated to ceitam defined positions Thus m sawing 
it IS better the woik should, as often as piacticable, be placed 
either exactly horizontal or vertical , the positions of the tools 
and the movements of the person will also be then constantly 
eithei hoiizontal or vertical, instead of aibitrary and inclined 
In sawing the top of the sawing stool should be hoiizontal, 
the edge of the saw should be exactly peipendiculai when seen 
edgeways, and nearly so when seen sideways, the eje must 
watch nai lowly the path of the saw to check its disposition 
to depait fiom the line set out foi it If howevei the eye he 
directed eithei so far fiom the light or left side of the blade as 
to form a material angle with the line of the cut the hand is 
liable almost unconsciously to lean from the e} e, and thence to 
incline the saw sidewa3s It is theiefoie best to look so fir 
only on the right and left of the blade alternate h, as to he just 
able to see the line, and thence to detect the smallest de\iation 
of the instrument at the veiy commencement of its depaituie 
And then, by twisting the blade as far as the saw Leif will allow, 
the hack being somewhat thinner than the edge, the true line 
may be again returned to , indeed, by want of caution, the saw 
maybe made to cioss the Irne and en in the opposite direction 
It IS however best to make rt a habit to watch the blade so 
closely as scarcely to require any aiiphcation of the correctional 
OTSteenng process at all Ihe saw, rf most set on the left side, 
or having teeth standing higher on the left side cuts moie 
freely on that side, and has a tendency to iim or arcuate to 
wards the left, and under the reverse circumstances the saw rs 
drsposed to run to the irght 

Thrck works are almost always maiked on both sides the 
plank, and the piece is turned over at short intervals, so that a 
portion of the woik is peiformed fiom oach side , the saw cut 
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Will then assume a senes of slight bends to the right and left 
alternately, and will depait less fiom the true line, than if these 
disturbances had effect fioin the one side only, and thus pio 
duced an accumulating eiroi, or a line swerving in one duet 
tion alone, or as a sweep of a large ciicle The piactice of 
changing sides with the woik will, under most ciicumstances, 
be found to lessen the eiiois incidental to the process, and the 
practice is therefoie especially desiiible for beginneis 

The woik is not alwa) s placed on the sawing stool as in some 
cases it IS laid on the bench, and fastened down upon the same 
with the holdfast or hand screws, and with the intended cut 
situated beyond the edge of the bench, the woikmaii then 
stands erect and uses the saw with both hands, placing the back 
of the saw towards his person, and sawing fiom it, this with 
many is a favouiite position In some cases, especially in small 
and thick works the wood is fixed perpendicularly in the screw 
chops of the bench, and the saw is applied horizontally ihese 
modes are both good, inasmuch as they lelieve the mdmduxl 
from the necessity foi holding the woik with the knee, and he 
IS less lesti allied in the action of the limbs 

In using the hand saw for prepaimg haidwood foi turning, the 
log IS either laid on the common X form sawing hoise or else it 
is fixed in the jaws of the tail vice, which latter mode is gene 
rally moie convenient In speaking of shaipening the saw, it 
was shown that the points of saw teeth proper foi hardwoods, 
are somewhat less acute than those for deal and oidmary timber 
The remarks on the hand saws have been given m greater 
detail than those which follow, because it is considered these 
instructions will assist in the manipulation of all the other saws 
used by hand 

Figs 684 and 685 represent the narrow tapei saws used for 
cutting curves and sweeps, especially those required in wide 
boards Compared with the generality of saws, these are made 
thicker on the edge and are ground thinnei on the back, to 
allow them moie fieedom in twisting round ouives, the smallest 
of which require the narrowest blades 

The table saw^ and the compass oi loch satv fig 684, which only 
differ in size, resemble the hand saws m their geneial stiuctuie 
and m the foims of then teeth, except that the blades are smaller 
and nauower, to allow them to he as a tangent to the cuivc 
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The key hole or fret saw blade, 685 which is di iwn to the 
same scale as the last, is held m a saw pid oi a handle hiving 
a stout ferrule with a moitise and screws so that the bl ide may 
be stiongly giasped and as the handle is peifoiated throughout 
its length either the whole or pait onl} of the blade may be 
allowed to pioject The key hole saws aie sometimes fixed in 
a handle like that for a file, which is less pioper 
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The table, compass and key hole saws all require care in 
their use, for it much piessuic is tliiown on the teeth they 
stick fast in the mateiial, and a violent thiiist is liable to bend 
and permanently injure, oi indeed, to bic ik the sav s and be 
sides, their paths are the less easily guided, themoie vigoiously 
they aie used It would be desirable, if in the nairow taper 
saws with only one handle, we more fieqnently copied the 
Indian, who prefers to reverse the position of the tec th so that 
the blade may cut when pulled towards him, instead ot in the 
thrust this employs the instiument in its stiongest instead 
of its weakest direction, and avoids the chance of injiuy Ihe 
inversion of the teeth, which in India is almost umveisal, 
IS with us, nearly limited to some few of the key hole and 
pinning saws 

Pmmng sems are often made exactly like the table and com 
pass saws fig 684, recently desciibed, but with teeth which aic 
coarsei, thicker, and keener th \n those for diy wood T he forms 
of teeth, figs 644, and 615, namely the hand saw tooth, and slight 
pitch, are used, and also the double teeth, fig 661, which aie 
rarely employed but for Imng timber An excellent modifica 
tion of the pruning saw is to mount the blade at the end of a 
light pole 4 to 6 feet long, so that the edge of the blade may 
formal! angle of about 150 degrees with the handle This saw 
may be applied to branches eight or ten feet fiom the ground , 
the inclination of the blade just suffices for the onwaid piessnie, 
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and the teeth being mveited, the saw cuts in the pull instead 
of m the thrust, which is both more commodious to the indi 
vidual, and fiee fiom the risk of accident to the blade 


Fiff 686 



Many pruning saws are made with blades neaily paiallel in 
width, but as thick again on the edge as on the back, and with 
double teeth, fig 661 The larger pruning saws of this kind, 
fig 686, are mounted as caiving knives or with straight handles 
of buck horn , such blades measure from 8 to 10 inches long, 
and to J inch wide , the smaller kind are made as clasp or 
pocket knu es, and are of about half the dimensions given 

The next group of saws enumerated in the table, are Paiallel 
Saws with Sacks those most commonly known are in some 
measure particularised by their names as tenon saios sash saws, 
caicase saws, and dovetail saws they only differ in size, as 
already shown, and they are represented by fig 087 



The blades of the back saws are thin, and lequire to be very 
carefully hammered , the handle of the saw is affixed to the 
blade itself by the screws The back is either a piece of stout 
sheet iron or brass folded together, first as an angle between 
top and bottom tools, and then closed with the hammer upon a 
paiallel phtc thicker than the saw When the inside of the 
gioovehasbeen filed to remove the irregulaiities,the two edges of 
the back are grasped m the tail vice, and the ridge is hammered 
to make the edges spring together almost as a pair of forceps 
T he back is held upon the blade by this elasticity or grasp alone, 
and the blade only penetrates about half way down the groove 
lire general condition of the blade depends m great measure 
upon that of the back, which should not be exposed to rough 
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usage , as a blow ou the middle of tlu bat K tends to tluowtlie 
blade moie in that pait, and maki it tioolutl on tlu ulgc.a 
fault that may be in general coin ( t( d by tapping slightly upon 
the back neai the ends in oidii to diivc the blade as mmh 
inwards at those paits as m tlu ccntoi, and bulaiui tlu tnst 
erroi When the blade itself is biukh d, wliu li is h hs liahh to 
occur than with hand saws, fioni the iiiou can fill nianiui m 
which the back saws are used, the saw niuHt ht f ikt n to pieces 
and the blade correc ted on the anvil as m ollu i ( asi s 

The back saws, which aic much oiiiplov d toi at < mati'woiks, 
are often assisted or guided by mwin<i hint fif lu wliuli one or 
moie saw kerfs, that have bttn vciy (anltillv iiiad(,s(ivi to 
guide the blades, couseque ntly tins nu thod sans a pait of 
the trouble in marking out the liius to lu < ut, and also of the 
risk of making nicoiicet mcisions Tlu sawing blot k hg (»K8, 


which IS of tlu oiiluiaiv ioim, is 
688 a trough iinuli piiinlli 1 both insitlo 

and out, and hamig thut saw kt ifs, 
which an all t\attl> nitual Iho 
oHc k( if IS at iiglif aiigli s to the side 
of the block, and aeivt s foi cuUing 
off pieces, the ends of which aie it qiiiit d to bt pt ilt t tly stpiaie, 
the two other saw kerfs are at angles of 1 7' , anti slope opposite 
ways these serve foi cutting mitics oi tlu In \illed joints idwa-ys 
employed for uniting mouldings at light aiiglt s to t ath otlui. 


as in picture frames and panels 1 he wot k is hiinply lu Id close 
to the further side of the box, and with tin line ot division 


opposite the saw kerf, the saw is then alltnvt d to pm sue the 
direction given by the saw kerf, and when many putes of 
similar length are wanted, stops aio addttd to tlu block Tbo 
joiner frequently uses the shooting boaids it pitsentcd on page 
503, for sawing as well as planing, especially when the wtirk is 
to he planed immediately aftci on the saint shooting boaid , the 
saw is then applied parallel with, but slightly lu advaiitt of, the 
face against which the sole of the plane i uhs 
Before concluding the lemaiks on saws with backs, fig t!87, 
1 appears desirable to offei some paituulars t»u iho moths of 
constructmg tenons and dovetails, fiom whu h nmst ustdal and 
general modes of uniting materials, two of these saws have 
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In a rectangular frame, represented partly finisLedin fig 689, 
the tenons are commonly made on the shorter pieces, called the 
mils, and the mm Uses on the longer or the styles, -which are 
always left somewhat longer than, ultimately required, to prevent 
them from breaking out, either in making the mortises or m 
-wedging up the fiame In carpentry, the panel is fitted in a 
groove, as at a, and is mseited or planted before the frame is 
glued up , but in cabinet work the panel is fitted in a rebate, as 
at b, and is fixed by shps of wood after the frame is finished 


Figs 689 080 



When the styles and rails have been planed up to their 
widths and thicknesses, (see pp 498 to 603), the internal length 
of the frame IS maiked on the styles at ll, and the width on the 
rails atww, these lines are seabed on the four sides of each 
piece, with the square and scriber The additional hnes I' I' 
indicating the ultimate length of the style, are also marked 
The -width of the enlarged tenon 1 1', is from one half to two 
tlnrds that of the entue rail , the inner haunch t, is required 
to be lower than the groove or rebate, and the outer haunch t', 
IS generally about three times as wide as the inner, to leave 
room for the wedges, and the end -wood of the style exterior to 
them Ihe thickness of the tenon is commonly about one third 
that of the style, but from the mode of -work, its actual thick 
ness, if not exceeding about | inch, becomes exactly the same 
as the width of the mortise chisel employed 
The appropiiate chisel having been selected, the gage hues 
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g g, corresponding with its width are gaged on each edge of the 
styles and rails Frequently the mortise chisel is slightly stuck 

into the woik to imprint its own width by which to adjust the 
gages, and eveiy piece is gaged fiom the face side so th it when 
the whoie aie put together they may be flush with one another 
The several styles to be mortised if small as in cabinet work, 
are placed side by side with their inner edges upwards and aie 
fixed upon the bench with the holdfast, the mortises aie then 
commenced near the outer end, m' 690 The styles, if laige 
as in carpentry, are placed upon the stout mortising stool the 
workman sits upon them and begins near the inner end m 
The mortises aie made half way through from the innei side 
of the rails, and are completed from the outer , and the opera 
tionis by no means difficult provided the moitise chisel which 
although narrow is very thick and strong, is kept exactly per 
pendicular to the side of the wood and truly to the gage lines 
The chisel is mostly held with its face towards the operatoi and 
the first cut is perpendicular and about one sixth from the end 
of the mortise, as at a, fig 690 , the chisel is driven with two 
or three blows of a mallet of proportionate size , the second cut 
IS inclined, as at 5, and between each of the inclined blows the 
chisel IS moved to loosen the chips By the two cuts a trian 
gular poition of wood or a core is loosened, and which is piized 
up by thrusting the chisel backwards through the dotted arc, 
the hevil or bulge of the chisel then resting upon the angle of 
the wood as a fulcrum 

Ihe neighbouring lines m fig 690 show the successive cuts 
employed in making the moitise , some woikmen prefer taking 
the cuts a and b alternately always pnzing up the chips by 
thiustmg the chisel from them, after each cut b others prefer 
taking most of the cut at an earlier stage of the woik When 
the triangular incision reaches half way through the wood, it is 
extended in length either by sloping cuts with the chisel, as at b, 
or with perpendicular cuts, as at c 

At the completion of the inner half of the moitise, the face 
of the chisel must be applied exactly perpendicular at each end, 
as d and c, and in releasing the shavings, the handle is moved 
towards the center of the moitise using the cutting edge as the 
fulcrum, and not the angle of the wood, which would be thereby 
bruised The style is now turned over and the remaining half 
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of the mortise is completed but the outer ends aie bevilled for 
the reception of the wedges, as marked m the diagiam The 
mortise is mostly left from the mortise chisel, although when 
the two incisions do not exactly meet it is needful to pare down 
the inequalities with an ordinary chisel 

The cutting of the tenon is less difficult of explanation than 
the moitise The sliouldeis oi the tiansverse cuts of the tenon, 
aie gen ei ally made with the dovetail or caicase saw, whilst the 
rail lies on the bench against the sawing stop or a peg near 
the coinei of the bench the rail may be held with the holdfast 
ifpiefeiied The side or longitudinal cuts are usually made 
with the tenon or sash saw, the rail being then fixed perpen- 
diculaily in the bench screws 

These cuts, which lemove two thin rectangular pieces called 
should be made with great accuricy and so as just to 
avoid encioaching on the gage lines, as the tenon is left from 
the saw, 01 at most the angle is cleaied out with the corner of a 
chisel applied almost as a knife 

Ihe h lunches aie marked by la 5 ung the end of the rail m 
contat t with the gage lines on the innei side of the style, and 
maiking the tenon fiom its coriesponding mortise 

lenons and moitises do not in all cases extend through the 
wood and as they cannot be then wedged up, they have to 
depend exclusively on good fitting or suiface contict, and the 
glue, m many cases also, sciew bolts, straps, and wooden pins 
aie used to chaw the tenon into the moitise in vaiious ways, 
subjects that aie too vaiied to be heie particulaiized 
In mortises that are wider or deeper than usual, it is a com 
mon piactice to lemove a portion of the wood with center bits, 
ox nose hits, and to comj)lcte the mortises with firmer chisels 

Dovetailed joints axe employed for uniting the ends of boaids 
at right angles to each other as in boxes, drawers and nume 
lous othei woiks The aovetails are made of seveial forms , 
thus fig 091 is a kind of factitious dovetail in which the boards 
aie fust miticd, or then edges aie planed at the angle of 
4 0 dcgices, and sli^^htly attached by glue or otherwise a few 
cuts leaning alternately a few degices upwards and downwards 
aie then made with a hick saw upon the angles, pieces of 
vencei are aftei wauls glued and diawii into the notolies Tlufj 
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metliod IS pnncii^ally employed in toys and very common woiks, 
which are then said to be mitred and keyed the hold is much 
stronger than might he expected 


Figs 691 692 693 g 



Fig 6 92 represents the ordinary dovetail joints p fig 693, the 
pms, and d fig 693 the dovetails of which the same is com 
posed In some cases the pins and dovetails are nearly alike in 
size, and this makes the strongest attachment , but in joinery 
and cabinet work, the dovetails are made on the fiont or inoie 
exposed part of the work, and the pins are cut of onlv one 
fourth 01 less the size of the dovetails in order that but little 
of the end wood may be seen Usually the pins aie the first 
made , as in making ordinary dovetails as well as tenons, 
the surfaces are left from the saw, this instrument must be well 
applied to produce the close joints met with in works of the best 
quality 

In setting out dovetailed works, the sides and ends of the 
box are first marked across on both sides with the gage or 
square at which lines indicate both the inside measuies of 
the box and the bottoms of the pms and dovetails , the portions 
beyond the lines are left a trille longer than ultimately required 
Very little care is taken in setting out the pms, indeed, then 
d]i8tances are usually marked with a pencil, without the lule or 
compasses, and the two external pms are always left nearly as 
strong again as the others 

One of the ends, fig 694, is fixed upright in the bench 
screws, and the pins are sawn as shown at a a These saw cuts 
are made exactly perpendicular, and teimmate upon the gage 
lines , but horizontally they are sloped opposite ways, so that 
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very pm is about as wide again on tbe inner as on tbe outer 
ide of the front of the box The wood between the dovetail 
)ins lb genei ally cut out with the bow or turning saw leaving the 
pace as at 6 fig 694 , and the spaces are then pared out with 
he firmei chisel from opposite sides as at e, the chisel being 
)laced exactly on the gage lines but slightly overhanging, so 
hat the insides aie cut hollow rather than square, toinsuiethe 
xact contact at the inner and outer edges of the dovetails 
When the wood between the pins is removed entiiel} with 
he chisel, this instrument is driven with the mallet peipendicu 
ally into the wood just in advance of the gage line, and sloping 
uts are then made to form a notch half way through the wood 
s at/ and when the space has been thus cleared, a more careful 
ertical cut is made exactly upon the gage line itself, as m the 
oimer case 



The dovetails are next marked fiom the pins and thus become 
hen exact counterpaitb In maikmgthe dovetails, the front piece 
I fig 695 IS laid upon the bench and the pins m p are placed 
xactly vertical, and m their intended positions , and lastly, the 
criber is passed along the two sloping sides of every pin The 
jage lines aie followed with the dovetail saw, the waste of the 
ool being taken from the hollows, so as to leave the gage lines 
ilmost standing the hollows between the dovetails are now 
emoved with the chisel unless the work is veiy large, when, as 
n cutting away the wood between the pins, the frame saw 
nay be pieviously employed 

As the gage lines are almost left in sight the pins and dove 
ails are mutually a trifle too large so that indu\ingthem 
ogether, they somewhat compress each other, and produce that 
lose accurate contact to be observed in good works , and which 
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gives rise to so much, surface friction that the glue might la 
some cases be nearly dispensed with between the joint but if 
the pins are left too large, they split the wood 

WhiLt the chisel is being employed in dovetnling it is usual 
to lay the several pieces of wood upon the bench with their ends 
slightly extending beyond each othei, like a flight of steps, an 
arrangement that admits of eveiy edge being leidily seen and 
operated upon , the pieces are fixed m this position b} the hold 
fast, and when they have been cut half way thiough, they are 
turned ovei and finished from the other side 

Figs 696 to 701 represent m plan, and m one group, the 
several ways of dovetailing the edges ot boxes and similar woiks 
fig 696 IS the mitre and key joint, and fig 697 the common 
dovetailjoint already spoken of in which the pins and dovetiils 
are both seen from the outside of the box In the four other 
kinds the parts are more or legs concealed, and they may be con 
sidered to increase in the difiiculty of construction, in the older 
in which they are repiesented It is supposed that the pins 
which are on the uppei pieces marked p aie made before the 
dovetails on the pieces d, and before scribing which latter from 
the pins, chalk is rubbed on mahogany and other daik woods, 
to make the lines more conspicuous 


Figs m m 698 699 700 701 



Fig 698 is the half lap dovetail which is much used for the 
front of drawers The pins in p or the front of the diawei, are 
fiist maiked, and the wood is also gaged at the end to denote 
how fai the pins shall extend inwards the saw can only be used 
obliquely, as shown by the dotted line, and the pins aie finished 
with the chisel applied on the lines a and d When, however 
the drawer front is to be veneeied, the pins are often sawn quite 
through on the line d as the jims may be thus more easily cut 
and the veneer conceals the saw kerfs m the diawer front The 
dovetails on the sides of the drawer, or d, aie aftei wards maiked 
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and cut as m the fiist example, fig 697, but of their exact 
lengths 

In fig 699, sometimes called the seciet dovetail, the pins and 
dovetails aie both concealed, as neither of them extend through 
the woik the saw c in be only used at the angle of 45 degrees, 
eithei foi the pins or dovetails, and most of the woik is done 
with the chisel ihe angle is filled in with a corner line 
The lap dovetail fig 700 is often used for writing desks, and 
similai woiks with rounded edges, and not having corner lines 
the fiont of the desk or p, is fiist rebated out to leave the lap, 
the pins are then made in this piece, and the doietails aie aftei 
waids sciibed on d, and made as m the last case , only a small 
portion of the end wood is then seen at the ends of the desk, 
and this is in gieat measure removed from obseivation when the 
angle is rounded 

The mitre dovetail fig 701, requires each piece to be rebated 
out square, as in p fig 700 , and after the pins and dovetails 
have been lespectively made the squaie rebates are converted 
into a mitre joint with a lebate plane When finished, neither 
the pins,northe modes of then concealment are distinguishable, 
and the work appears to have a plain mitre joint 

When the lid of a box has a dovetailed iim, oi that the box 
and lid only differ in lespect to depth, the box is technically 
said to have a tea chest top, and four pieces of wood, sufficiently 
deep to make both the box and its covei, aie then dovetailed 
together iii either of the ways before mentioned When the top 
and bottom of the box aie also added, the six pieces present the 
appearance of a rectangulai block, and which is known as 
a cai case, a term also applied to other entire fiamings The 
saw used m cutting open the carcase, or in separating the top of 
the box from the bottom, is thence called a carcase saw 

This mode of work, besides saving much of the labour of 
dovetailing, ensures the exact agreement in size, and the geneial 
correspondence of the two paits , which it would be moie difib. 
cult to obtain if they were sepaiately made, especially in sloping 
woiks, such as portable wilting desks and others of similai 
chaiacter 

In every case where the box and the lid are made together, 
the line of division is gaged on the foui sides exteriorly, and 
one of the dovetail pins is placed upon that hue , but it is made 
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fully as wide again as the others, to admit of division, and yet 
be of the ordinaiy size If the joint pm were made as usual, or 
left square, the caicxse, on being cut open would exhibit the 
rectangulai lines of the pin and dovetail , to avoid which the 
joint pm and dovetail should be pared away to the mitre, and 
then the cover and the box will also exhibit a mitie joint 

The top and bottom aie fitted in vaiioas wajs sometimes 
they aie glued on the square edges of the sides but generilly 
the sides and the top aie both rebated, just as represented in 
fig 700 on the supposition that p is the top and d the side of 
the box 01 they are rebated and mitied as in fig 701 

A box made as above described with mitred dovetails, with 
mitied joint pins and with the top and bottom rebated and 
mitied vould not show any joint, eithei within or without the 
box except those constituting the margins of the twelve supei 
ficies of the woih in fact the joints would alone occui at the 
several angles, and escape obseivation, as will be apparent from 
the inspection of figuie 701 

Such a box if neatly made, would be a finished specimen of 
woih, but so muchcaie is seldom taken, and it is more usual to 
employ cornel lines and lippmgs to conceal the joints oi else to 
cover the box with veneers, and all of which are sometimes 
mitred In these cases the inteiioi frame or the caicase of the 
box is of common mahogany, and dovetuled in the mannei of 
fig 697 or m very mfenoi works, the fabiic is of deal attached 
by glue and brads, the piincipal reliance being then placed on 
the \eneer for uniting the paits and concealing the delects 

Plaving concluded tins long but impoitant digression, lespeet- 
ing the foimation of tenons and dovetails the consideration will 
be now lesiuned of the saws eniimeiated in the table on page 699 

The 8m%ths hereto head smv, fig 702, which, in the table 
follows the back saws last noticed, differs from them in piopoi 
tions, and also in the handle, which resembles that of a file , the 
blade is generally also thicker and harder, to accommodate it to 
its work Some of the sciew head saws aie made considerably 
smaller than those noticed in the table, the blade being a piece 
of watch spring fixed m a brass back , but these little tools are 
generally made by the watch maker, or other artizan lequiring 
them ^ 
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In all screws that are made in the turning lathe, it is 
desirable, in separating them fiom the neighbouimg metal, to 
use the turning tool and to mck them in rather small behind 
the head The little neck that is left, is broken through, just 

Fig 702 I 

flattened with a file and then slightly notched with a tiiangular 
file, as an entry for the screw htad-saw by these means the 
iisk of notching the head otherwise than truly cliametiical is 
a\ oided 

The comh cutters double saw shown in profile in fig 704, 
and in section on a larger scale in fig 703, is called a ^^stadda 
and has two blades so contiived as to give, with great facility 
and exactness, the intervals between the teeth of combs, fiom 
the coarsest to those having from 40 to 45 teeth in the inch 
The blades of the saw or its jplates^ aie made of thick steel, 
and are ground away on the edge as thin as the notches in the 
comb, either in the manner of a oi 6, and they hive about 10 
to 20 points in the inch, of slight pitch fig C4 i The plates are 
fixed in the two grooves in the wooden handle or stock by 
means of the stufmg, either two long wooden wedges oi folds 
ot brown paper , the plates would rest in contact but foi the 
intioductioii of the thin slip oi tongue of metal I, called a 
languid, which is of the thickness of the teeth lequued in the 
comb, the one blade is in advance of the othci fiom -j^-^th to 



|th of an inch At the first process a notch nearly of the full 
depth IS made in the comb c, and a second notch is commenced , 
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at the next piocess tlie notch in advance is deepened, and a 
third commenced, and so on consecutively 

rile gage saio or gage v%d is used to make the teeth square 
and of one depth Ihe saw is frequently made with a loose 
back, like that of ordinary back saws but much widei, so that 
for teeth f I* f inch long, it may shield ill the blade except 
^ f f inch of its width respectively and the saw is applied 
until the back prevents its furthei progress Sometimes the 
blade has teeth on both edges and is fixed between two parallel 
slips of steel connected beyond the ends of the saw blade by two 
small thumb screws as in fig 705 the less common instru 
ment is lepiesented, because it is useful foi other purposes 
Double saws, fig 70b, analagous to those of the comb maker 
have been also frequentlj applied to cutting metal racks similar 
to those used in an pumps JChe blades, which m 706 aie 
shaded are as thick as the widths of the spaces, and are sepa 
lated by a paiallel slip of metal, repiesented white exactly 
equal to the thickness of the teeth the scpaiating slip also 
serves as the stop to make the teeth of one depth fiom the 
suiface, the three paits are stiongly united b} two or moie 
screws, or bolts and nuts The rath saiu if carefully made 
fulfils its work with considerable accuiacy, the dotted lines at a, 
denote the succeeding step, those at b the squaie notches when 
completed, and c the teeth when rounded, which is done aftei 
wards with a file In modem piactice, howcvei the teeth of 
wheels and racks are usually cut and rounded at the one process, 
which IS peiformed in appiopiiate machines 

Ihe third division of the table on page 699, refcis to paiallel 
saws used in frames, of which the measures are tabulated 
The saw frames of these and other kinds keep the blades 
stiaigbt give them tension and enable the force to be applied 
viitually as in the Indian saws, or by pulling the blades, thereby 
avoiding the risk of buckling them From these several reasons 
the blades of fiame saws may be made veiy thin, consequently 
they act with le^s labour and waste, and may m gencial be used 
more vigoiou sly than those saws having only a thrusting handle 
at the one end The blades are sometimes left a tiifle tlnckei 
where the pms are to be inserted and these puts aie softened 
by being pinched between red hot tongs, prior to drilling the 
pm holes by which they are att ichecl to their frames 
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The m%ll saw and mill saw weh at the beginning of this gionp 
are used m veitical saw machines, which will he described in 
the fourth section of this chapter It will suffice here to observe 
that the first or mill saws, which are the laigei and stouter 
are emplo}ed for sawing round timber into thick planks, and 
the mill saw webs, foi cutting deals into tlim boards 

The veneer saiv foimerly m use at the saw pit was except- 
ing the blade, a copy of the pit frame saw, fig 676, p 703 and 
skilful sawyers would therewith cut about six veneeis from the 
solid inch of wood Smaller veneei saws more neaily lescmbling 
that shown in fig 708 were also used by cabinet makers who 
would cut seven or eight veneers in each inch from smaller 
pieces of wood, fixed upright in the chops of the bench, two 
individuals being mostly required The hand veneer saws are 
now scarcely used in England 

The chairmake'i ’s saw is in general a diminutive of the ordinary 
pit saw and has a cential blade stiained by buckles and wedges 
The woik is fixed horizontally upon the bench by the hold fast, 
the saw is grasped by the side rails with both hands, and 
with the teeth from the operator, who stands in the erect 
posture lie can thus saw with great rapidity and accuracy all 
straight and slightly curved pieces not exceeding in width half 
the span of the frame, which is sometimes neaily as wide as the 
length of the blade The whoelwiight employs precisely the 
same saw for cutting the felloes of wheels the timber, wide 
enough for two felloes, is then fixed m the ordinaiy tail “vice 
The three following figures represent diffei ent kinds of frame 
saws, in which the blades are neither strained by buckles and 
wedges, nor placed centrally, as in those hitherto considered 
There is a central rod or stretcher, to which are moytised two 
end pieces that have a slight power of rotation on the stietchei 
the end pieces are at the one extremity vaiiously adapted to 
receive the saw, and at the other they have two hollows foi a 
coil of stung, in the midst of which is inseited a short level 
On taming round this lever the coil of string becomes twisted 
and shoiteiied , it theiefore draws together those ends of the 
cross pieces to which it is attached, whilst the opposite ends 
fiom separating, stiaiii the saw in a manner the most simple 
yet effective The tension of the blade is retained by allowing 
the lever to rest in contact with the stretcher, as represented, 
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but when the saw is not in use, the string is uncoiled one turn 
to relieve the tension of the blade and fiame, one or other of 
which may be broken by an excessive twist of the string 

In the wood cutter s saw, 6,^ 707 the end pieces aie much 
curved, and one of them extends beyond the blade, which is 



embedded in two saw kerfs, and held by a wire at each end 
tlie blade is therefore always parallel with the fiame of the saw, 
which is mostly used vertically The end piece alone is giasped 
at r and Z by the right and left hands lespectiaely , the wood is 
laid m anXfoini sawing horse, and is sometimes held by a 
chain and lever or less frequently m a strong pair of screw chops 



The Conhnental frame saw used abroad for the general pur 
poses of caipentry and cabinet making, is shown in fig 70B, 
in the largest of these the blades aie about three feet long, one 
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and a half to three inches wide, and very thin and others as 
small as hilf those sizes are also used Ihe wooden handles 
h h shown also detached and of twice the size at h\ have cylin 
* ducal stems, which pass through the end pieces , they are cut 
through longitudinally for admitting the sheet non T form 
clamps, which aie each held by a rivet passing through the 
handle outside the frame the blade is fastened between each 
pail of clamps by a pm or screw 

The handles being cylmdiical, the saw can be placed at all 
angles with regard to the frame, and may therefoie be employed 
for cutting oif pieces of indefinite length, piovided the^y do not 
exceed the width from the blade to the stretchei, which latter is 
forked at the extremities to embrace the cioss pieces, and tins 
allows it to be shifted nearer to the string when required for 
wide pieces Befoie using the saw it should be observed to 
place the blade exactly in a plane oi out of winding 

Most of the woiks performed m England with the hand saw, 
the tenon, dovetail, and similar saws, aie abroad accomplished 
with frame saws of vaiious sizes, the pieces are mostly fixed, 
either to or upon the bench, and the contrivance foi holding long 
woiks, shown in fig 709, is also general on the Continent 


Fig 709 




The woik to be sawn is passed through the tnangulai opening 
in a wooden frame, nearly m the foim of the letter A ? when the 
flame and work he at an obtuse angle, they constitute a three 
legged stool The upper edges of the board become wedged 
fast in the angular sides of the triangle, and the lowei side of 
the board lests on the cross piece of the supposed letter, which 
may be placed at various heights, according to the size of the 
woik, as it rests on two moveable pegs In sawing small woiks 
the man rests his knee on the woik near the top of the frame 
and the board is changed end for end when sawn through half 
its length Inangular fiames, with various modifications, are 
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ttjening or sweep saw, ivory saw 

also commonly used abioad instead of the saw pit , but our own 
occasional method namely, a pair of tiestles about six feet 
high IS much better as each of the sawyeis is then far moie 
favourably situated than when the timber is placed aslant ^ 

The turning saw, oi swee;p saio, fig 71 0, which is also called the 
fiame saw oi hoiu resembles fig 708 except in its smallci 
size and gi eater pioportionate width of fiame this will be 
apparent, as the figuies are drawn to the same scale 

Its handles have always cyhndiical wires that pass thiough 
the end rails, the wires aie sawn diametiically to admit the 
saw blade, and are dulled transversely foi the pms frequently 
the one handle has an undercut notch, as represented on a 
larger scale so that the saw may be removed sideways from 
the one handle, and allowed to move as on a joint upon the 
other, a provision that is often turned to a uselul account 
In using the bow saw the woik is mostly fixed veitically, and 
therefore the blade is used hori/ontally , but the frame is placed 
at all angles, to avoid the margin of the work, and it is Ire 
quently necessary to twist the handles or pins during the cut, 
to modify the position of the frame It often happens that the 
cut has to be commenced from a hole or aperture, in winch case 
the tension of the blade is relieved by a turn of the stretcher, 
and the saw is disconnected at one end foi its intioduction 1 he 
disunion of the blade is also convenient for withdrawing it side 
wavs without the tedious necessity for ictiacmg the toituous 
couise by which it may have entered the woik 


It still remains to notice those saws, the fiamcs of which 
may be considered to be slightly flexible, and to form the three 
sides of a rectangle lire iioiy saw, v^hidi has been already 
figured and descirbed at pages 140 and 147 of the first volume, 
IS the largest of this kind, and the full paiticulais have been 
there given, of its use in the preparation of ivoij Sometimes 
the frames of saws for ivory arc made of non, and without the 
adjusting screw clamp , the frame is then sprung in wards by 
means of a long hook whilst the saw is inserted 


* These and relative matters are fully dcsciibed and figured by A R I niy m 
his Tmiti cle VAit de la Ctmpmtcnc Pius, 18^7 X latcB 2 to 11 
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The smith s frame saw, fig 711 is neaily a copy of the saw 
last referred to, and it almost always possesses a sciew and nut 
for stretching the blade 

The mode of using the saws, for metal, is the reverse of that 
m saws for wood, as for metal, the motion should be slow, and 
the pressure somewhat consideiable, and the necessity for each 
of these conditions increases with the hardness of the material 
The saw is almost invariably moistened with oil oi tallow grease 
and in the back strokes the pressure on the blade is discon 
tinned, but the saw is not raised fiom the bottom of the notch , 
m this respect the action resembles that of the file 

The smith s frame saw is the common instrument used in 
metal works for the removal of pieces that are m excess, and m 
many cases instead of the whole substance being cut through, a 
notch IS made on two sides of the work, and the center part is 
bioken This saw is also used for making notches and grooves, 
much the same as in cabinet work but except in small works, 
preference is given to the figuration of materials by casting, 
forging, and other modes already described 



The side frame saw, fig 712, although far less common, is 
greatly preferred by some workmen , thus, in makmg the joints 
of drawing instruments, much depends on the correct use of the 
frame saw, by which the notches are made for the reception of 
the steel plates used in the jomts, and fig 712, in which the 
blade is more immediately under observation, is preferred to 
fig 711 For routing out the concave pait, a saw like fig 713 
IS used and inserted a httle way into the joint, until the holes 
in the joint and tool are sufficiently opposite to admit the end of 
a taper pm , the joint saw or router is then moved to and fro, 
and as the concavity is cut away, the pm is set forward until its 
cylindrical part causes the two holes to be exactly opposite, and 
then the work is completed 

3 B 
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PIEECING SAW AND PIEECED WOEKS 

Piercxng saw Wades commonly measure from 3 to 5 inches 
long, and they are fixed m very hght frames, such as fig 714, 
which are fiom about 2 to 4 inches deep fiom the saw to the 
back, in some instances piercing saws exceed the depth of 
8 inches, as in m, fig 71C The blades are fixed between small 
screw clamps, the inner sides of which are mostly cut like files 
Sometimes, as in fig 715, the clamp near the handle is extended 
as a wire through the handle, and is tightened by a nut at the 
extremity, somewhat as in a violin bow , but in geneial the slide 
IS considered sufficient and preferable, as when it is loosened 
the tension of the saw can be appreciated with the fingers, and 
retained with the thumb screw 



Some kinds of silversmith s works are pieiced with this instiu 
ment, and embellished with the graver When the design is 
original, the engraving is usually first done, and the interstices 
are cut out with the saw But for the convenience of repetition 

recourse is had to brass pattern plates, pierced and engraved 
like the finished work , the brass pattern is laid on the work, 
and all its interstices are marked through with a fine sciiber 
In copying designs from any aiticle of silver, the new piece is 
laid upon the original the interstices of which are smoked 
through with a lamp and in curvilinear works that cannot he 
pierced while straight, the pattern is dabbed with printing ink, 
a paper is laid thereon, and rubbed on its upper surface with a 
burnishei the paper thus printed is then pasted upon the 
object to he pierced The undei side of the original is printed 
from, to make the copy direct and not reversed 

The outline having been obtained by one of the above modes 
a hole is made with the breast drill in every piercing, and whei e 
practicable, the holes form the circular terminations of the 
apertures The several cuives are then followed with the saw, 
which IS used vertically, and with the handle downwards, whilst 
the plate is held horizontally upon the pm of the jeweller\ 
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bench with the fingers, in order that both the work and the saw 
may be freely twisted about in sawing out the several parts 
Ihe silver piercer sits at the silversmith s and jeweller s ordi 
nary work bench, formed like a round table, with four or six 
semicirciilai scollops, about 18 inches diameter around it the 
pms 01 small filing boards, are about 3 inches square, and pro 
ject inwards into the bottoms of the bays or scollops, each of 
which has a shin or a leather bag nailed around its edge, that 
serves to collect the filings removed fiom the work 

This form of work table is adopted in order that a central 
lamp may serve for the foui or six workmen, each of whom has 
a glass globe 6 to 8 inches diametei, filled with water, to act as 
a condensing lens, and direct a strong light to the spot occupied 
by his work Spirits of wine are added to the water, to prevent 
it from freezing and bursting the globe The benches are fre 
quently made semicircular, and placed against a window, as the 
circular bench requires a sky light 

The amateur can employ in piercing, a small square filing 
board with a fillet beneath, by which it is fixed horizontally 
in the oidinaiy vice Should he prefer fixing the work, it may 
be still held lionzontally, provided he emplojs a hand vice, and 
pinches it by the half of its joint m the tail vice, so as to place its 
jaws lionzontally In passing lound the small curves, the stiokes 
of the saw must be short quick, and feeble , in the larger curves 
the full length of the blade may be more vigorously used 
Some of the very minute pierced works are dulled and then 
finished with small files, as m the plates formerly used for 
covering the balances of watches, but m general the file is not 
used The pieicing saw is also employed for cutting out small 
escutcheons and other pieces foi inlaying 

Fiom the pierced works, appear to have been derived those 
inlaid works consisting of curved and flowing lines, which are 
pioduccd by a method that may be called counterpart sawing ^ 
and in which two plates of differently coloured materials, whether 
wood, metal, ivoiy, toitoise, or peail shell, aie temporarily fixed 
together, and then cut tluough at the same time with a fine 
hair like saw By this process the removed pieces so exactly 
coricspond in form with the respective peiforations, that when 
the two colouis are separated and interchanged, the one ma 
teiial foims the ground, the other the inlay or pattern, and 

3 B 2 
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mce versa and the pieces fit so nearly together, that the route 
of the saw is only Yisible as a fine line on close inspection 
These works receive the general name of inlaid or marquetry 
works and also the specific names of buhl works and reisner- 
works, from their respective inventors ^ 

The saws used in piercing and inlaying scarcely differ but in 
size thus, the black line w, in fig 716 is drawn from a large 
piercing saw of metal, and the dotted line w, from an ordinal y 
buhl saw of wood the former measures eight inches from the 
blade to the frame the latter twelve or sometimes twenty inches, 
to avoid the angles of large works The wooden frames aie 
made of three pieces of wood, halved and glued together to con 
stitute the three sides of a rectangle, after which two pieces are 
glued upon each side, each at the angle of 45 degrees across the 
corners the whole, when thoroughly dry, is cut round to the 
form represented The screws for giving tension to the blade, 
although commonly added, aie seldom used, as the frame is only 
sprung together at the moment of fixing the saw, and by its 
reaction stiffens the blade 

The buhl cutter sits astride a horse, or a long narrow stool, 
fig 717, having near the one extremity two vertical jaws lined 
with brass at the top , the one jaw is fixed, the other is notched 

* Tlie term marquetry seems to be employed to designate all kinds of mlaid 
work known m France as monqmt&ne en l)ois and marqueterie m m^tal It 
includes not only the works of counterpart sawing in wbich flowers animals, 
landscapes and other objects are represented m their proper tints, by inlaying 
and without the aid of the artist s pencil but it also includes those geometrical 
patterns composed of angular pieces laid down in succession more after the manner 
of ordinary veneeiing and amongst which the specimens of pai quetage, or inlaid 
floors appear to claim a place 

Boule work and Eeisner work are considered by the virtuosi to apply exolu 
sively to the works of tw-o celebrated eheniUes of those names both settled m 
France the former an Italian m the reign of Louis XIY the latter a Gorman 
m the time of Louis XIV to XY Their cabinet works were as much celebrated 
for their graceful forms or outlines as for their embellishment with inlaying 
Boule mostly employed dark coloured tortoise shell inlaid with bi ass inflowing 
patterns occasionally ornamented with the graver Eeisner used principally as 
the ground tulip wood (called in France hois de rose ) mlaid with flowois in dark 
woods grouped in a much less crowded manner than m ordinary marquetry 
Eeisner occasionally combined therewith hands and margins in which the woods 
were contrasted as to the direction of the gram as well as colour 

The terms luTil or hool work appear to he corrupted from boule, and now refer 
to any two materials of contrasted colours mlaid with the saw, and which, in 
France would be called by the general name of mai quetene 
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below, and springs open when left to itself, but is closed by a 
strut, which is loosely attached to the stool by a tenon and 
mortise, and rests in a groove in the moveable jaw When the 
strut is pulled downwards, by a string leading to the treadle, it 
closes the flexible jaw of the vice In the plan the jaws are 
inclined some twenty degrees, so as to be at right angles to the 
path of the woikman s light hand 



In the following descriptions of counterpart sawing, the several 
methods will be noticed in that older which appears to oflfer the 
most facility of explanation, regardless of other considerations 
In buhl work thepattcrns generally consist of continuous lines, 
of which the honeysuckle ornament may be taken as a familiar 
example To make this, two pieces of veneer of equal si/e, say 
of ebony and holly, are scraped evenly on both sides with the 
toothing plane, and glued together with a piece of paper between, 
for the convenience of their after separation * Anothci piece 
of paper is glued outside the one or othei veneer, and on which 

* Veneers, like otker thin plates, are pinched by one corner with a screw clamp 
to the table or bench the tools are applied from the fixed end in order that they 
may pull the material and keep it straight instead of forcing it up in a wave* 
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the design is sketched , a minute hole is then mTcle with a 
sharp pointed awl or scriber, for the introduction ot the saw, 
that spot being selected in which the puncture will escape 
observation 

The buhl cutter being seated on the horse, the saw is inserted 
in the hole in the veneers, and then fixed in its frame , the work 
held in the left hand, is placed in the vice, which is under 
control of the foot, and the saw is giasped in the right hand, 
with the fore finger extended to support and guide the frame 
the medium and usual position of which is neaily hoiizontal 
and at right angles to the path of the saw 

The several lines of the work are now followed by short quick 
strokes of the saw, the blade of which is always horizontal , but 
the frame and woik are rapidly twisted about at all angles, to 
place the saw in the duection of the several lines Considerable 
art IS required in designing and sawing these ornaments, so that 
the saw may continue to ramble uninterruptedly through the 
pattern, whilst the position of the woik is as constantly shifted 
about in the vice, with that which appears to be a strange and 
perplexing restlessness 

When the sawing is completed, the seveial parts are laid flat 
on a table, and any removed pieces are replaced The entire 
work IS then pressed down ’^ith the hand, the holly is shipped 
off in one layer with a painter’s palette knife, which splits the 
papei, and the layer of holly is laid on the table with the paper 
downwards, or without being inverted 

The honeysuckle is now pushed out of the ebony with the 
end of the scriber and any minute pieces are picked out with 
the moistened finger these are all Hid aside , the cavity thus 
produced in the ebony is now entirely filled up with the honey 
suckle of holly, and a piece of paper smeared with thick glue, 
IS rubbed on the two to retain them in contact Ihey aie 
immediately turned over, and the toothings or fine dust of the 
0bony are rubbed in to fill up the interstices , a little thick glue 
IS then applied, and rubbed in, first with the finger, and then 
with the pane of the hammer, after which the work is laid aside 
to dry 

When thoroughly dry, it only remains to scrape the bottom 
with the toothing plane or, when the work is small, with its 
iron alone; and then the buhl is leady to be glued on the box 
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or furniture m the manner of an oidinary veneer, as already 
explained , when the work is again dry, it is scraped and 
polished Exactly the same loutine is pm sued m combining 
the holly ground and the ebony honeysuckle, and these con- 
stitute the counter or counterpart hulil^ m which the pattern is 
the same but the colours are reversed 

It IS obvious that precisely the same general method would be 
pursued to make four satin wood honeysuckles at the respective 
ingles of a rose wood box , the veneers for which would be then 
selected of the full size and glued together with paper intei 
posed To ensure the exact similitude of the several honej 
suckles, one of them having been cut out would he printed fiom, 
by sticking it slightly to the table, dabbing it with printing ink, 
and then taking impressions, to be glued on the other angles of 
the box at their exact places The counter would have, m this 
case, a satin wood ground, with the honeysuckles in rosewood 
To advance another stage, three thicknesses of wood may be 
glued together, aK. rosewood, mahogany, and satin wood, and a 
center ornament added to the group of four hone} suckles The 
three thicknesses when cut through split asunder, and re com 
billed, would pioduce three pieces of buhl woik, the grounds of 
which would be of rose wood, mihogany, and satin-wood, with 
the honeysuckle and centre of the two other colours respec 
tively Such are technically known as woiks in three woods, 
and constitute the general limit of the thicknesses, but the 
patterns consist of many more parts than here supposed 

111 a series of thiee woods m the possession of the author, or 
thiee veneers, cut and interchanged as above explained, the 
thiee tablets each present forty eight different pieces and by 
the introduction of a bioad arabesque band, the ground con- 
sists of a central panel of one colour, and a margin of another 
It IS the general aim so to arrange the design as to have about 
an equal quantity of each coloui, to make every combination 
efrc( tive, or without the predominance of any one colour 
Before glueing such woiks together, it is sometimes required 
to take ofi a punted impression foi future use in such cases 
one thickness is entirely stripped ofi, and those pieces of this 
thickness which best displa} the charactei of the pattern, are 
slightly glued on then coiresponding x^laces on the two thick 
nesses, and project therefrom m the manner of type , so that 
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they alone receive the punting ink and return it to the paper 
pressed upon them with the hand, or with a tool handle used as 
a burnisher 

Brass borders, technically known as Vandykes are worked in 
narrow slips, and in other respects as above except that unless 
a small hole is dulled through the brass and wood for the saw 
it IS allowed to cut its own path from the outside edge of the 
materials and which is more usual The true buhl or the wood 
ground with brass scrolls, is laid down in foui oi moi( pieces 
around one box or panel , and the counter, or the brass gi ound 
with wood scrolls, upon another 

When the material is small and costly as pearl shell it 
becomes necessary to use two oi seveial pieces, accuiatcly phu ed 
edge to edge, to cover the entiie suiface to be oinamcnted , and 
the joints are placed where least observable in the pattern 
Ihe paper knife, fiom part of which fig 718 was diawn requued 
eight pieces of pearl shell in using this material, a hole is 
made m the wood close against the peail, and the saw is sent in 
from the edge of the same The counter, when glued on anothc i 
veneer, is not inlaid of the irregular angular form of the rough 
pieces of pearl but it is cut aiound the general margin of the 
pattern as at the one iiait of fig 719, which rejnestiits the 
counter to fig 718 

Fig 718 the bull o fuebull 



Fig 719 tie count or CO nterp tbibl 



Sometimes, to give additional elaboration and minuteness, the 
saw IS made to follow all the device of the counter, and leave a 



MARQUETRY WORKS 


737 


narrow line of pearl both within and without this is called 
internal cutting, and is represented in figuie 719 hut in 
general, the counter fails to present the same good effect as 
that of the true buhl, in which the drawing of the ornament 
IS more effectually preserved , and in the internal cutting the 
pattern presents a thready or liny appearance 

Before concluding this part of the subject, it deserves to be 
noticed th it in the more minute buhl works, the parts are not 
cut exactly square, but slightly bevilled, so that the pearl may 
be left a tiifle larger than the interstices in the wood to com- 
pensate for the saw keif, and make the fitting close as regards 
the true buhl But this bevillmg is prejudicial to the counter, 
as the line of junction in it becomes wider than usual , this 
defect IS however, consideied to be less observable in the coun 
ter, and which is also the less valuable piece The stringings, 
01 the straight and circulai lines combined with pearl buhl work, 
are mostly of white metal such as tin or pevter, and are inlaid 
with the routing gage ^ 

In buhl works no part of the material is wasted and the 
whole of the woik is cut at once The circumstances are 
entiiely different with the maiquetry woiks now to be de 
scribed, of which a slight specimen is lepresonted in fig 720 , 


Fig <20 

11 eg ox nl Black rio y 11 g oonlcav cot Holly st ix d g cen n tch d ixd eng d 



* Bukl works of brass and wood aie sometimes made hj stamjptng instead of 
saiomg As kowever tke action of stamps and punches will be considered in a 
subsoauont chapter it need only he here observed that the brass inlay whether a 
honeysuckle or other ornament is stamped out of sheet brass and the wood veneer 
18 Htampod with the same tools the brass honeysuckle is then inserted into the 
cavity in the wood as before This method produces so far as the nature of the 
materials will allow an absolute identity of foim but it must be obvious the mode 
iH not applicable to small patterns as the punches then inflict too much injury on 
the wood , neither does the stamping admit of the unbounded choice of design 
attainable with the saw as the punches are necessarily expensive and limited to 
their particular foims 




738 


MABQUETRY WOBKS 


wherein the gioinid is ebony, and the flowers or othei oina 
ments are made of coloured woods, as denoted by the annexed 
names The djewoods are used so far as they aie available 
and the gieens blues and some other tints are of holly, stained 
to those colours Each diiferent leaf or colouied piece is pro 
duced one at a time, and mostly requnes two cuttings, which 
may be accomplished in three several ways 
In the first mode, an engraving of the design is carefully 
pasted on the giound or counter, and cut out entirely after 
which the seveial leaves are sawn out from different veneeis, by 
aid of another impression of the engraving cut into pieces, and 
the leaves aie inseited in their respective places, this mode 
requires extreme exactness, but admits of complete success 
In the second mode, the design is also pasted on the counter 
which is then left entire the leaves are cut out from woods of 
appropriate colours, and are then glued on the respective parts 
of the paper pattern on the counter The projecting leaves aie 
cut in either singly oi in groups, with the saw, which is just 
allowed to graze their external margins The leaves are then 
all parted from the ground, and inserted in their respective 
apertures in the countei By this, or the counterpart method, 
the fitting becomes more easy, and the cuts may be slightly 
bevilled, to improve the closeness of the joints 

In the third mode, the separate leaves to constitute the inlay, 
aie cut out from the different coloured veneers and glued in 
their appropriate positions on a sheet of paper A sheet of 
white paper is also glued or pasted on the veneer to be used for 
the counter 01 ground, and further a sheet of the blackened 
or camp paper, such as that used in the manifold writers, is also 
required 

The thiee are assembled together — at the bottom, the veneei 
with the p iper upwards, then the camp paper, and at the top 
the leaves, the backs of which are then struck at cveiy pait with 
several blows of a light mallet, so as to piint their ownimpies 
sions on the white papei The printed apertures aie then cut 
in the counter one at time, so that the outer edge of the saw 
kerf falls exactly on the margin of every aperture 

In this, or the third mode, the fitting of the parts may be 
made unexceptionably good, as the operation is not prejudiced 
by the unequal stretching of the papei, which is liable to occur 
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when two copies of the engraved design aie employed as in the 
first and second modes 

The ribs and markings of the leaves in marquetry work are 
made by cuts of the saw, or scratches of the graver, which 
become filled with the fine wood dust and glue 

Occasional assistance is deiived from the judicious disposition 
of the gram of the wood , and the shading of the leaves to give 
them roundness is obtained by scoichmg their edges by holding 
them near a heated iron before they aie laid down In this 
manner white roses and other floweis with many leaves aie most 
successfully imitated in holly the several leaves being cut out, 
scorched on the edge, and grouped together to form the flower 
befoie incision Ivory is used for very white flowers , and ivory 
eithei white or stained and also pearl shell, and other materials 
are used for insects, and parts requiring additional brilliancy of 
effect 

SECT IV — RECIILINEAR OR RECIPROCATING, SAW MACHINES 

Rectilinear sawing machines aie for the most part deiived 
from saws used by hand for similar purposes, and under these 
circumstances it appears desirable that the machines to be 
noticed should, so fai as practicable be intioducedm the order 
adopted in the last section , namely, machines derived from the 
felling cross cutting, and pit saws, and those from the frame, 
bow, and buhl saws 

Few sawing machines have been made for felling timber, 
because the laboui ot lemoving the machines from tree to tree 
in general outweighs any mechanical advantage to be derived 
horn then use In the most simple machine of this kind, the 
saw IS formed as the arc of a cnclc, attached to a wooden sector 
moving on its center, ind worked with reciprocating motion by 
a horizontal lever \ 

* As a more expeditious mode of transfornng the pattern than with the mallet 
the three parts above described have been squeezed in a flat screw press this fails 
to bring up the impi ossion from the unequal thicknesses of the veneers the hydro 
static press does not pioduoe the reqiuied clFoot, and is liable to crush the wood 
from its onoimous force but the rolling press such as that for copper plate 
printing was tried by HoltzapIFel and Co , and found to succeed m all lespects in 
transfemng the pattern 

t Another construction for a feUing and cross cutting saw which is moio 
elaborate, is described in the Mechanics Mag vol ii p 49 50 and at vol in p 1 
of the same Journal is a proposition for a pit saw, which, as well as the above, it 
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In cross cutting saw erected intlie Portsmouth Dock 

yard and Woolwich Arsenal, the timber is laid as thiongh a 
doorway, the posts of which are double so as to foim two nai 
row giooves for the guidance of the saw this resembles the 
ordinary cross cut saw, except that it has two guide boaids 
riveted to it, in continuation of its length, and the boaids vork 
freely through the grooves in the posts The saw is actuated by 
a vertical lever, or inverted pendulum, moved by the steam en 
gine, and the workman beais down the opposite end of the saw 
with any required degree of force, the saw is guided in its first 
entry by a board with a saw kerf, which then rests upon the 
timber and when not in use the saw is turned up on its joint, 
leaving the dooiway free for the reception of other timber * 

A cross cutting saw machine of a more exact kind is erected 
at the City Saw Mills the saw blade is strained in a lectangulai 
frame, which both leciprocates and descends in a vertical plane 
The machine has a large double cross, the two horizontal arms 
have grooves that receive the rails of the saw frame, and which 
is reciprocated by a crank and connecting lod, the vertical arms 
of the cross fit in a groove formed by double vertical beams 

The cross and saw frame arc 
almost counterpoised, so that a 
moderate pressure alone, and not 
their whole weight, falls on the 
saw teeth, and the timber is 
clamped on a railway or slide, 
which IS at light angles to the 
plane of the saw s motion 
A cross cutting saw machine 
workedbyhand, thsii is much used 
on the Continent and m America, 
for cutting firewood, is repre 
sented in fig 721 Ihe wood is 
laid in an X form sawing horse, 
and fixed by a chain and wooden 
lever, which latter is brought 
under a peg 1 he frame saw is suspended by its lower angle in 



IS proposed to work by means of the oft repeated scheme 
put in motion by manual power 


of a heavy pendulum 


See Eeess CyolopEedia Art Maohinery for Manufacturing Shins Blocks 
voL sxu also Encyol Metrop Part Manufactures Art 632 
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the cleft of a lever that swings as a pendulum when the saw- 
frame IS moved The lever suppoits and guides the saw frame, 
the action of which is assisted by the momentum of an adjust 
able weight, built out at right angles to the suspending lever 
The saw always rests on the timber, and cuts both ways , and 
being guided in its required position, a person but little experi 
enced in the use of the oidinary frame saw, can exert his whole 
strength m the act of cutting and accomplish the woik expedi 
tiously, especially as the saw is longer than that shown on page 
7S6, and employed in the ordinary manner for the same purpose 
Upright or reciprocating saw machines, are largely employed 
to perform that kind of sawing which is usually done at the 
saw pit , the larger upright or frame saws are used for cutting 
large round or squaie timber into thick planks and scantling, 
the smaller for cutting deals into boards The earlier of these 
machines appear to have been those for round timber they 
were mostly built of wood and driven by water power, these 
have been repeatedly described * 

The vertical saw mills now used m England are made almost 
entirely in iron, and driven bv steam power, and as the several 
constructions differ but little either in respect to principle or 
general arrangement, the modem frame saw foi deals fig 72S, 


* The reader interested m the piactical details of the earlier saw mills is 
directed to Gregory s Mechanics 1807 vol ii p 324 and in addition to tho 
authorities there quoted, he will find useful matter on tho subject in Hassenfrat^ s 
Traits de I Art du Oharj>enUer Pans 1804 in Lvan s Young Millwright, and 
Miller s Guide, Philadelphia 1 821 and more paiticularly in tho reprint of Belidor a 
woik ArcluUctme Bydiaukqac mcc Notes ^ar M Navier Pans, 1819 

In Besson s published m 1578 at Plates 13 and 14, are two 

very curious and giaphic drawings of saw machines driven by manual power the 
one by a ciank and winch handle the other by a pendulum pulled as a church 
bell and acting through tho medium of a right and left handed screw, and a system 
of diagonal links, as m the so called ^la/ytongs ’ One of the saws has curvilinear 
teeth, of which 1 3 5, 7, out during the descent and 2 4 6 8, during the ascent 
of the blade 

In the saw invented by Lieutenant J W Hood for cutting through ico the 
blade is suspended from the end of a lever like that of an ordinary hand pump 
and has a heavy weight beneath the loe Lhe axis of tho lever is m a wooden 
frame or sledge the progression of which is caused by the end of a rod or paul 
that sticks into the ice tho rod being jointed to tho lo’vei a little m advance of its 
pivots, thiusts tho frame and saw some three or four inches forw ird during the act 
of cutting This 100 saw is worked by two to four men whoieas tho previous 
methods used m the Greenland fisheiies with a triangle and pulley blocks, reqmied 
from twenty to thirty men — Trans Soc of Aits, 1827, vol xlv p 96 
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Will be principally spoken of In this di awing the whole of the 
mechanism has been bi ought into view, by supposing the floor 
to have been removed, and some unimpoitant alteiations to 
have been made, in reality the pedestils F F rest upon the 
flooi, and the machine occupies considerable length 

The stationary frame work in fig 722 consists of two standai ds 
01 vertical beams, in front of which are fixed two accurate squaic 



h h 


bars, by means of six loops The sliding saw frame shown 
geometrically m fig 723 has foui vertical and two horizontal 
bais and is cast m one piece, or as a rectangular frame, which is 
attached to the stationary square bars h 6, by appropiiate bcai 
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mgs at the four angles One central crank is in general used, 
but for greater distinctness the drawing is made from a machine 
haMiig two exteiior cranks although one only is represented , 
the crank rods are not attached directly to the saw fiame, but 
to a floating lever, which is jointed at its center to the saw 
flame, so that even supposing the two cranks to be a little 
dissimilar in length or angular position, they nevertheless move 
the platform equally without straining or racking it 

When only one crank placed beneath the floor is employed, 
it IS needful, both to avoid excessive height in the machine, and 
the disadvantage attending the action of a short connecting rod, 
that the latter should pass fieely through an oval loop m the 
lower cross rail of the saw frame, and be united to the upper 
rail , sometimes the crank shaft is fixed to the ceiling of the 
building, but this construction is the least in estimation The 
crank shaft, in addition to the driving pulley, has always a heavy 
fly wheel to equalise the action of the machine, but which is not 
shown m the drawing 

Two deals are usually sawn at once , the parts now to be 
desciibed are therefore in duplicate, although in the figuie one 
deal IS supposed to be removed for the purpose of showing the 
mechanism more distinctly Generally each deal has to be cut 
into three boards, and two saws are then employed on each side 
of the frame , but sometimes as many as eleven thin saws or webs 
are used, then producing twelve thin boards or leaves from each 
deal The saws, of which one is shown at s s, have buckles 
riveted to them, and these pass through mortises in the top and 
bottom rails of the sliding frame, the buckles at the bottom are 
solid and shaped like an inverted T, those at the top have mortises 
and thin steel wedges , the T pieces and wedges bear on the 
outsides of the frame 

The distances between the blades are adjusted by interposing 
pieces of wood, and pressing the whole together by the side 
screws, after which the saws are separately tightened by the steel 
wedges these details are sufficiently manifest m the geometrical 
view, fig 723 It IS to be further observed that the edges of the 
saws are not quite perpendicular, but have a little lead, or their 
upper ends oveihang the lower about i or | inch, to extend the 
cut tin oughout the descent of the blade, and to cany the saws a 
little distance from the cuts, in the ascending or back stroke 
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The two deals lie on a series of rollers built on pedestals, of 
which two onty are shown at F F the lolleis also suppoit a 
long tack which at the left of the figure, has dogs oi mppcis, 
that grasp the end of the deal by means of a side soiew The 
weight to the left of the figure pulls the longer end of a 
horizontal lever, the shorter end of which (not seen), has a 
roller that presses the part of the deal contiguous to the saw, 
against a Jlcced vertical plate or fence, so that the cuts become 
exactly parallel with the side of the deal, whether it be straight 
or crooked 

The deal is advanced by means of the rack and pinion, which 
are actuated by a ratchet movement as follows an eccentric on 
the mam shaft alternates the shorter end of the lever I, and to 
the longer end of the same is fixed the ratchet or paul, which 
accoiding to its distance from the center, slips over two or three 
teeth in its descent, and in rising thrusts the ratchet wheel round 
the same distance, and by its connexion with the pinion for 
the rack, advances the rack and wood a proportionate quantity 
The retaining pauls or detents on the top of the wheel pro 
vent its retrogiession , when they are turned hack, the wood 
ceases to advance, and the slide may be run quickly back by a 
winch 

The plank frame by the late Mr Benjamin Ilick, of Bolton, 
(of which a model is deposited in the Museum of the Inst Civil 
Engineers) has no long rack Each deal is grasped between 
two grooved feeding rollers, the one fi.xed to the framing 
of the machine, the other pressed up by a loaded lever, and 
moved a small step at a time, by a ratchet as usual 

The single saw fiames above described make about 100 to 120 
strokes, of 18 or 20 inches long, in the minute, and cut two 
12 foot deals in from five to ten minutes, the saws xequne to bt 
sharpened about every tenth round, or journey, for hai d deals, and 
every twentieth for pine Similar fiame saws aic made double, 
so as to operate on four deals at a time , the crank is then 
double, and so contrived that the saws m one frame descend, 
whilst those of the other ascend By this arrangement the 
vibrations of the machine are somewhat lessened, so that the 
velocity may he increased to about 160 or 200 strokes m the 
minute, but the time occupied in fixing and adjusting is also 
greater, so that but little if any real advantage is obtained 
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Sawing machines for round timber are larger, stiongei uid 
somewhat different from thedealframes Thetimbei slide moves 
on fillets or V V ^s, which aie fixed to the floor, and passes 
between the stand irds of the saw frame , the timber slide has 
strong veitical end plates, through moitises m which stout iron 
spikes 01 dogs are driven like nails, into the ends of the required 
planks The dogs are then secured by side screws oi wedges lu 
the dog plates, fiom which they project sufiicienth , to allow the 
saw blades to stand between the end of the timber and the dog 
plate at the commencement of the sawing 

Ihe sliding frames cairymg the saws for tinibei fiames are 
longer than for deal frames, and those in the Government saw 
mills at Woolwich rest in contact with rectangular fillets on the 
standards, against which they are pressed by powerful springs so 
that the square bais b &, fig 723, are dispensed with In these 
machines the blades aie strained one at a time by a loaded levei 
like a Roman steelyaid which gives to each the tension of ibout 
one ton, and whilst under tins tension the wedges are diiven 
just home but without violence , each blade becomes thciefoie 
tense alike Vaiious contiivances are added to veitieal saw 
machines driven by power, so that, when the saws have ai lived 
at the end of the timber, the motion of the wood oi that of the 
eiitiie machine may be arrested automatically 


Rectilinear sawing machines aie not much used loi those 
kinds of woik that are peifoiined with the oidiiiaiy hand saws 
back saws, and frame saws used in caipeiitiy , but tvo uscliil 
scies m^camques suited to works of tins scale aic desciibed mthe 
Manuel du iouineur and fig 724 is reduced fiom one of thest 
The saw flame has a cential wooden lod, and a blade on each 
edge, which aie stretched by clamps, sciews and nuts, much as 
usual Ihesawis guided perpendiculaily by fixed wiies, these 
pass tliiougli holes m the cross heads of the saw flame which 
are sometimes fitted with rolleis to lelieve the friction The saw 
flame is suspended fiom a bow spring attached to the column 
elected on the bench xnd the lower end communKatcb by a 
doable ended hook with a light tieadle The spring, whe n left 
to itself raises the saw flame and treadle some 8 oi 10 inches, 
and the piessure of the foot gives the cutting motion 

3 c 
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For straight pieces a wide saw is used, and the work is guided 
against a squaie fence, which oveilaps the fiont edge of the 
bench, and is fixed by a binding sciew passing thiough a inoitise 
For bevilled pieces a chamfeied bai c, is fixed to the right hand 
side of the bench, and carries a square sliding block, suimounted 
by an angular fence, with giaduations and a clamping screw , 
the work is laid against the angular fence, and moved upon the 
chamfer slide past the saw For ciicular works a narrow blade 
IS employed, and the popit head or center point connected with 
the stationary frame work, serves as the axis of motion for the 
piece of wood to be cut 



In order to leave the bench unobstiucted, so that large pieces 
may be sawn, the guide lods upon which the saw frame woiks 
are discontinuous, the lower paits tgiminate beneath the bench, 
the upper are fixed to cioss pieces connected with a dovetail bai, 
itself attached in front of the column, so that the group of inoces 
driving the uppei wires may be fixed at a gieatci elevation to 
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admit of thiclver woil The back edges of tlie blades iiin in 
saw kerfs in the lower lail of the guide frime * 

Thiee small reciprocating saw machines, fitted up as adjuncts 
to the lathe will now be desciibed their consti notions aie 
entiiel} diffeient and they weie planned by then respective 
mventois quite independently of each other The one first de 
sciibed was especially contnved for buhl cutting this appeals 
howevei to be fai the least valuable application of these machines, 
as they ma} be much more efficiently used for %aiious woiks 
similar to those done by the slender bow oi sweep siw The 
cxtieme delicacy of buhl woik is incompatible alike with the 
encumbrance aiising from the mechanism and the fiictionof the 
work upon the suppoitmg platfoim 

In Ml Mac Duft’s buhl cutting machine the saw is stietched 
in a flame about 4 to 6 inches high and 10 to 14 inches wide 
the flame leciprocates vertically upon small fixed 
wires, bj? the modification of the crank shown in 
fig 725 The pulley e beneath the lathe bearers b 
receives continuous motion from the foot wheel the 
lower end of a cord c is fixed to a pin about an 
inch from the centei of e passed around the fixed 
pulley p, then between the bearers to the saw 
fi line, which is raised by a spiral spiing b} this 
auangcment,thcpii illchsmof the cord is obtained 
I he woik IS supipoited upon a tible oi platfoim 
nndwa} between the path oi the saw frame \ 

* A maolnne on a somewhat Ixrger scale was elected by Mr Brunei at the 
Woolwich dockyard md worked by the peculiar but expensive parallel movement 
of the interior epicycloid There is a fixed wheel say of 16 inches dnmetei with 
internal teeth, and a con espondiug pinion of 8 inches diameter earned round by 
and revolving upon the end of a crank of 4 inches radius the pimon cairies 
a stud by which it is connected with the saw fiame The velocities of the crank 
and pmion are as 2 to 1 and m the same dn ection the stud if attached to the 
ccntc7 of the pinion would move in a cucle of 8 inches but when attached to the 
edge OTpifch line of the pinion it reciprocates in a right hue 16 inches long the 
stud if pUcod in any into! mediate position would travel in an ellipsis 

A iccipiocatmg siw miclnne Cor sawing boring and manufacturing bevilledand 
(uivihncar wmkn m wood wxs patented m 1833 by Mr Samuel Hamilton and 
IB bnolly noticed m tbe foot note following the applicabion of the ciiculai saw to 
uuvilmcai woiks p 805 

I Mac Hull B buhl siw icccivcd tho iiri/e of IQl awarded by Hi Fellowes 
and IB fully doscubed m tho Mccb Mxg 1830 vol xui p 129 at p ge 235 of the 
Barn 0 volume Ml Mar HuCT uas dcsciilrtd a Ixiger and moic Bitnile mxchme ot 
ih( Bimckmd 
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In the two following machines the saw is unprovided with the 
flame, by which, undei oidmary circumstances, it is stretched 
and guided these functions being fulfilled by the motive parts of 
the respectne apparatus 

Ml Lund s veitical saw machine, which is represented from the 
back m fiig 726 consists of a bench with foot wheel and tieadle, 
surmounted by a rectangular frame, the lowei rail of which is 
lebated to fit the bearers the center rail is extended into a plat 
form about three feet squaie which, for the sake of portability, 
consists of two wide flaps with hinges and biackets, somewhat 
as in an ordinary pembroke table To the extremities of the 
upper rail are fixed two long and nairow spiings, made of ham 
mered steel, that spimg downwaids when left to themselves 
The ends of the saw aie giasped m screw clamps, formed at the 
ends of square wiies woiking rather freel} in the two outei lails, 
within holes fitted with metal 1 he lower saw clamp is connec ted 
by a cat gut with an eccentric and guide pulley as in Mac Dufi: s 
but the eccentiic shov n detached in fig 727 has more range, the 
travel se being sometimes 4 or 5 inches 

The uppei saw clamp is connected with the straight springs 
by means of a catgut line, reeved m the mannei shown more at 
large in fig 728 (one of the side frames being removed), the 
catgut proceeds from the springs, over the two fixed pulleys, and 
under the pulley on the top wire or clamp, tins arrangement 
equalises the actions of the springs, and gives a parallel motion 
to the blade, the back edge of which lies towaids the operator, 
and works in a notch on the edge of a hardened steel disk, inlaid 
in the platfoim One end of the catgut has a small circular 
button, which is passed through a round hole m the spiing, and 
then sideways into a notch so as to be readily detached for the 
removal of the saw 

Mr Lund s machine is simple and effective foi inlaid and fret 
works, and a vaiicty of thm cuivilmeai pieces which occur in 
cabinet woik and pattern making For cutting parallel and 
bevilled pieces, approxiriite guides aie added to the platform, 
similar to those elsewhere described For ciicles, a biad awl is 
passed tlnough the centei of the woik into the platform, or rather 
into a subsidiary and common platform then added And to 
shoiten the length of stroke during the working of the machine 
as leqniied in sawing around small curves and rounded angles, 
a sliding bolt beneath the platfoim, is tliiust aoioss the path 
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of the saw so that the ascent of the saw to the full height 
IS then pi evented by the temporary increase of thickness m 



the iilatfoim, as the saw clamp strikes against the sliding bolt 
01 slide* 

Fig 729 IS copied fiom Professor Willises sketch of a veitical 
saw for curvilineai woiks, constructed by himself lu 1837 ihe 
frame of the machine is elevated above its true position to 
show the details, and is clamped on the bed of a lathe or 


* Mr Lund makes an ingenious use of this machine for inlaying the instruments 
in dressing cases lined with velvet The bottom of the trays are glued up in throe 
thicknesses the grain of the inner piece being crossways of the outer lengthways 
a piece of white paper is added to receive the outlines of the instruments the spaces 
for which are then cut m the saw machine with a saw thinned away at the back 
and veiy much set to cut a wide path 

The inner pieces having been removed are split through the ]oiiit and glued flat 
down on a piece of velvet each inner piece is then cut round with a penknife 
leaving the face alone covered 1,116 principal piece or skeleton is then glued and 
laid on another piece of velvet which covers the holes as in a dium tlio voli/ct 
IS cut through at v irious parts of each aperture and folded round the edges of the 
holes and lastly every removed and covered mnei piece is pusliod into its place 
which stretches and smooths the edges of the velvet and completes the work 
As the central pieces are in three layers the cells may be either of one third or 
two thirds the entire depth at pleasure 
Mr Lund s saw machine was constiucted and used in 1828 
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gunding flame, and tlie saw deiives its motion fiom an cccon 
tiic earned by one of the oidinary guudstoiie spindles Uiis 
eccentric is a pulley of liaidvood cut in half and scicwcd against 
the face of the mahogany iiulle} A loop of wiie embiaccs it, 
and connects it with the lower spiing so tl at when the spindle 
revolves the spring is thiown into lapid vibiation, the spiiugs 
aie of wood SI inches long and inches bioad 

The saw is clamped at each end in a small non cl imp , the 
lower clamp is joined to the lower spring by the same stc( 1 pin 
that carries the loop of wire The uppei clamp has sc viial 
hooks filed in its edge any one of winch can be hooked on a 
steel pm fixed to the upper spiing ihiis the saw is exilic d 
and sti etched at the same time by the two spnngs, and can be 
leadily disengaged, eithei by unhooking the uppei clamp oi by 
uiiclamping eithei end The lower spiing is fixed to the fiauu , 
the upper is fixed to a separate piece of wood that can be ad 
justed to diffeient heights, and the platfoim is 12 inches above 
the beaiers 

The only point that requires fuithei consideration is the 
adjustment of the saw in the springs, so that it may travcisc as 
neaily as possible through one and the same point ot theplatfoi in, 
notwithstanding that the ends of the spiings neaily desc nbcaies 
of elides, and therefoie cany the extiemities of the saw slightly 

to and fio duiing its move 
ments 

The veitical distance in 
betw cen the springs at thou 
roots wheio they aie fixed 
to the flaming, and at then 
pins wheie they cany the 
saw, must be so adjusted 
that when the saw is at the 
top of its btioke, the lowei 
spring IS hoimontal, and 
when at the bottom of its 
stioke the upper spiing 
must be honzontal,andthe 
platforfn midway between 
the two hoiizontal hues 
In tins condition with a range of two oi even thieo inches, the 
one cuLvatuie will neutralise the other at the phitfoim, as in 
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some of the parallel motions, which may be proved by a diagram 
carefully drawn on papei 

Piofessor Willis has used this machine extensively for cutting 
out m thm wood, models of Gothic tiacerj^ also mathematical 
curves m illustration of the teeth of wheels and other elements 
of mechanism To adapt tne machine to take either shoit or 
long strokes as requiied in buhl cutting without discontinuing 
the motion of the foot wheel Prof Willis proposes to apply a 
contrivance to the eccentric, analogous to that explained in his 
Tieatise on the Principles of Mechanism, 2nd Ed p 38G 

A iibbon sawing machine, the connecting link between 
rectilinear and circular saws, was patented by Mr Newbury in 
1808 and is thus described — ‘‘ Mr Newbury s engine is formed 
by a long and very flexible blade of a similai nature to a clock 
spring, which passes over two rollers of considerable diameter, 
placed in the same plane, and whose extiemities are united so as 
to form a band round the two rollers When this blade is intended 
to act as a saw, one of its edges is cut into teeth of the usual 
shape and the substance to be sawed is placed on the stage, 
through which the blade passes, and is pressed igainst the blade 
with the necessary force and m the direction proper to produce 
the shape lequiied for it ^ Guides for cutting rectilinear 
cuivilineai, aiidciiculai pieces arc alluded to Ihe arrange 
ment was however lardy used until brought into notice by 
M Perrin in the Exhibition of 1851 since which time it has 
met with extensive employment 

SECT V — COMMON AlPIICATION 01 CIRCULAR SAWS TO 
SMALL WORIi;S 

The remamclei of the present chapter will be devoted to the 
consideration of machmeiy for circular saws, and m treating 


^ See Retrospect of Philosophical Discoveries, 1808, vol iv p 222 The 
following paragraph respecting Newbury s flexible saw iipnears on page 627 of tho 
last edition of Behdors ArchiUctwre Jlyd'i auhquc, okUG NoUs^ par M Nmiti 
1819 — 

‘ Sgic a lame flexible et mm fm — ^ Cette invention a Hi pioposk en AvgUtene 
mats dparaU qaon y doatait de son sacks Lite a Cte employ^ aoec avaniage cn 
Fiance pat M louroade pout refendic les liteanx qui component ks tayaux des 
imdAichmHe {ISM tin de la Boaiiid dFncomagmmt Jiulkt 1816 ) fxc modUe 
lie sa machine esi depose au Comet latoitc dcs Atts cl McUa i 
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this extensive subject it is proposed to piesent the mattei in 
the following sections 

V Common applications of ciicular saws to small woiks 

VI Common applications of circular saws to laige woiks 

VII Less common, oi specific applicitions of ciiciilai saws 

VIII Circulai saws and machineiy for cutting veneeis 

It IS further to be observed that in the present or fifth section, 
in speaking of the construction and application of small sawing 
machinery, or that which may be conveniently used by the 
amateui, the mattei will be arranged under the following sub 
di\i&ions 

1 Lathe chucks for veiy small saws 

2 Spindles foi saws of medium size 

1 Platforms, or tables and benches, foi saws of medium size 

4 Stops to prevent the vibiation of flexible saws 

5 Paiallel guides 

6 Sawing the sides of rectangular pieces 

7 Sawing grooves, rebates and tenons 

8 Sawing or cross cutting the ends of pieces eithei sqiiaie 
orbevilled or those works m which the angular variations aie 
in the horizontal plane 

9 Sawing bevilled edges, and piismatic pieces , or those 
works in which the angulai vaiiations aie m the vertical plane 

10 Sawing geometrical solids and iriegulai pieces or those 
works in which the angular \ariations aie in both the horizontal 
and vertical planes 

Ihe sub divisions 1 to 10 when a little modified, denote also 
the anangement followed in sections VI and VII 


1 Lathe chucks foi very small saias — Circular saws not 
exceeding one or two inches diameter are occasionally mounted 
on lathe chucks, similar to that repiesented in fig 780, which is 
not only the most simple, but probably one of the earliest modes 
m which the circular saw was used The chuck should be of 
moderate length, with a tenon to fit the hole in the saw, and a 
cential screw or nut to fit the same, as represented 

Opticians use this mode for the small thin saws with which 
they cut the notches in the tubes serving as springs in pocket 
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telescopes Carvers in ivory and similai inatenals employ small 
but thick saws, the edges of which are of lound angular, oi 
othei sections In each art the objects aie mostly applied by 
the hands alone 

For cutting the notches in the heads of screws for mechanical 
constiuction thick saws aie similaily emiiloyed The screw is 
held in a socket fig 731, the end of which is tapped to receive 
the thiead of the sciew and in cutting the notch, the socket is 
supported an inch oi more from its extiemitj, upon the edge of 
the rest for the turning tool The socket is wiiggled up and 
clown as a lever, to make the bottom of the notch toleiably 
straight, instead of concave and the piecautions to make the 
cut diametrical will he found at the beginning of page 723 

The gas burners designated as hat s wing purners have a narrow 
slit through which the gas issues these are cut in a similar 
manner hy thin circular saws and Mr Milne, gas-fittei of 
Edinburgh, seriates such saws with a sciew cutter or tap as in 
making the teeth of a woim wheel (see pages 591 2), but the 
cuttei should for the present case have one side of the thread 
perpendicular, to produce saw teeth of the customary form 



In cutting the knuckles and tenons for joints fig 732, the 
work IS usually supported on a small iron platform, fig 733, the 
surface of which is horizontal, with a notch to receive the saw, 
and a cylindrical stem to adapt the platfoim to the bed piece of 
the common rest The platform is fixed a little below the axis, 
to place the knuckles exactly central to the saw, so as to make 
the notches equally deep on both sides , and if the smface of 
the platform is paiallel with the axis of the spindle, the notch is 
suie to be peipendicular or square to the side of the work 
Sometimes two saws aie used upon the same chuck or spindle, 
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to ensure parallelism m the sides of the middle piece or tenon 
and similar methods are commonly used m sawing notching 
and dulling the small wooden mechanism of piano fortes For 
some of these woiks, especially those in metal the saws are not 
always mounted on lathe chucks but occasionally on small spin 
dies similai to that drawn m the next figure 

2 Spindles f 01 ciicular saws of medium size — For sawing 
ordinary woiks in wood, the above aiiangements are mostly 
msufiicient , as the saw should be further removed from the 
pulley or lathe head, to enable pieces of moderate width to be cut 
off, and also larger in diameter to serve for thicker pieces Ihe 
saw IS then mounted on a spindle such as that shown in section 
in fig 734 the saw plate fits upon the cyhndiical neck of the 
spindle, and is giasped between the two flat surfaces of the flange 
and loose collai, (which lattei is shaded) and pressed forwaid 
by the nut A steady pm, or a small wire (represented black) 
IS mseited obliquely in the spindle, and passes through a coi 
responding notch in the saw Ihe steady pin constiains the saw 
always to travel with the spindle, without depending on the 
giasp of the nut alone 



Ihe saw spindle, fig 734, is frequently squared at one end, 
and has a center at the othei, to admit of being supported in the 
lathe at its extiemities, by the square hole chuck and popit head 
respectively, so as to revolve together with the mandrel When 
the saw spindle is used independently of the lathe, it has a 
center at each end foi the centei screws then employed, and also 
a pulley to receive the band from the foot wheel or othei motive 
apparatus In legaid to the proportions of ciicular saws and 
some other particulars concerning them, the reader is referred 
to the table on page 784, near the commencement of the follow 
ing or sixth section of this chapter 
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S PlcUjorms 01 tahles and benches — Wooden phtfoims cm 
plowed foi suppoiting the woik have sometimes non stems, and 
aie in fxet, extensions of fig 733, except that they aie placed 
above the centei, so that one thud the saw pi ite protiudes pei 
pendicnluly thiough the centei of the platform But a laige 
platfoim thus constiucted is veiy weak fioin being attached 
only at one point md c'sei} time the pihtfoim is fixed theie 
IS the tiouble of phcing the saw 1 eif exactly paiallel with the 
saw otheiwise gieit fiiction ensues 

Ihe saw platform and ipparitus m fig 735 are mxde \lmost 
entiiely m wood, they aie ipplicable to the oidinary tuiiimg 
lithe, and to saws not exceeding about 8 to 10 inches in 
diameter Ihe wooden platfoim is suppoited at the front and 
back, nearly throughout its width, upon the edges of the 
wooden box, the position of which is defined by a tenon fitting 
between the lathe bed, and secured by a bolt passing thiough 
the same Ihe platfoim is hinged to the back of the box, 
thus constituting is it weie, a laige and oveilianging covei 
ihe last piocess m the constiuctioii of the appaiatus, is to fix 
it upon the lathe beaieis, and to allow its own ciicular saw 
to cut the saw kerf oi slit m the platfoim which thence 
becomes exactl} paiallel with the saw 



In refixing the apparatus leady for woik, the wood fiame is 
fiist placed loosely on the beaieis, and the platfoim is turned up 
the saw spindle is then adjusted between the centers, and lastl}., 
the platloim is shifted sideways until the saw enters the keif, the 
eiitiic wood fi me is then seemed by its bolt and nut , but owing 
to the tenon beneath, there is no risk of the gioove being other 
wise than pai lUcl with the saw Occasionally that pait of the 
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platform wliicli is contiguous to the saw, is coveied with a thin 
plate of brass to increase its dui ability 

The sawing apparatus fig 735 although made principally in 
wood, will be found a lery convenient appendage to the turning 
lathe or the same parts may be used independently of the lathe, 
upon a wooden bench or fiame with a wheel and tieadle, much 
the same as that partly lepiesented in the succeeding figure 
except that the wooden standards are then requiied to extend 
above the bearers so as to carry the centei sciews for the saw 
spindle The back board foi lecenmgany parts of the woik 
under progress, and the drawer for the saws, are convenient for 
their lespective purposes, but by no means impoitant 

Ihe sawing machinery lepresented in fig 736, although 
generally siinilai to the last, is made entiiely in metal, except 
the wooden fiame The principal piece in fig 780, or the bed 
piece, IS planed flat on its underside, and has a fillet to adapt it 
to the lathe bea-ers or other frame, the ends of the casting aie 
formed as popit heads, and are tapped for the reception of the 
center screws, which support the saw spindle The middle of 
the bed piece is formed as the box or trough, to which the plat 
form IS hinged by two centei screws, tapped into projections on 
the underside of the platform, the front part of which rests 
upon the supporting screw, fitted into the bed piece 


Fig 73C 



In general construction the iron machine fig 736 is a great 
improvement on that in wood, fig 735, in respect to strength 
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and permanent accmacj, and as the supports for the spindle 
and platfoim, aie all united m one iron casting the mechanism 
IS not subject to deiangement, and is quite independent of the 
flame oi bench which miy be either that partly lepresented m 
the figure or the fiame of an ordmaiy foot lathe aftei the removal 
of the headstocks oi on any bench whatsoever, provided motive 
power from any source can be conveniently applied to the saw 
spindle And in the course of the following descriptions it will 
be seen, that the lattei machine, with certain additional mechan 
ism, IS capable of performing within the limitation of its size, 
almost any kind of work to which the circular saw is applied 

4 Stops to pi event the vibration of flexible saws — ^When the 
diametei of the circular saw is considerable compared with the 
diameter of the flange on the spindle, the blade becomes very 
flexible and may be easily diverted sideways from the true 
plane the prevention of this is accomplished in manj^ waj s 
riie saws used for slitting the thin wood of which cedar pencils 
aie made, are fiom about 4 to 6 inches diameter and \eiy thin 
so as to act lapidly and vith little waste such savs have fre 
quently supplement iiy collars, or thick fiat plates of biass fitted 
to the cylmdiical neck of the spindle, and extending to within 
J 01 I of an inch of the edge of the saw which theieby iieaily 
acquiiGS the stiffness of the collais themselves But as saws aie 
in geneial lequned for thickei wood, such large flanges are 
mostly inadmissible, and other methods must be employed 
1 01 small saw machines having wood platforms, it is generally 
considered sufficient, that the saw should woik in a nairow cut or 
groove made by the revolving blade in the platform, and which 
allows the saw but very little lateral play , as the teeth can no 
longei cut when the smooth part of the blade rubs against the 
slit The friction will in time wear away the wood until the 
slit becomes inconveniently wide, but a fresh piece of wood can 
be then inlaid, and another notch made by the saw as at fiist 
Metal platfoims are sometimes made in two paits for the 
convenience of forming the slit for the sav but fiiction against 
the metal would blunt the teeth, and should be avoided In 
such cases, the inner edges of metal platforms made in two 
pieces are usually tapped foi small screws which aie adjusted 
veij nearly to giasp the smooth pait of the saw, just within the 
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line of its teeth The platform fig 736 is made in only one 
piece, with a wide shallow gioove in its uppei smface which is 
again filled up flush with a bai of non in the end of which is a 
deep notch to admit the saw and it light angles thereto the 
stop screws are inserted laterall} m the bai Ihe latte i can be 
adjusted in the groove to place the stop sciews just within the 
line of the teeth after which they aie twisted by then capstan 
heads until they neaily touch the saw plates 

But stop sciews howsoever constiucted give use to noise, 
and aie somewhat liable to weai the saw into gi coves A 
preferable mode for small saws is to inlay a piece of ivoiy oi 
haid wood m the groove on the top of the platform and allow 
the saw to cut its ovn slit or else to fit two pieces of xvoiy 
into dovetail giooves, made transveisely in the under sides of 
the platfoim and to advance them to the saw by adjusting 
sciews but which although a moie costly method, is no better 
as in every case the stop should be as neaily as possible flush 
with the platfoim, vaiious othei stops will be desciibed in 
speaking of laige sawing machineiy 

5 PctTallel guides f O') small ci) culav saws — Saw machines of 
eveiy kind, depend very mateiially foi then usefulness on the 
vQ.iioxxs guide pi mc'ipZcsintroduced into then seveialconsti notions, 
and upon the advantage of which piinciples, as applied to cutting 
tools generally, some pieliminary obseivations weie olTeied m 
pages 463 to 471 of the lolume now in the leadci^s hands 
In circular sawing michinery the table oi platfoim being a 
flat SLuface, and the saw blade, at right angles theieto all pieces 
that he toleiably flat on the saw bench aio suie to be so gmdal 
as to be cut out of winding, and square with the face on which 
they he But to guide them acioss m a light line it is i cqmsitc 
to have some kind of leetilineai guide paiallcl with the saw 
the width of the piece sawn off then becomes equal to tlu dis 
tance between the saw and guide, and any mnnbci of succeed 
mg pieces may be produced exactly of the same width 

The guides foi paiallelism aie constiucted in many wajs 
thiee of which, available foi small sawing machines, will be* 
noticed at this pi ice the jointed paiallol rules aie also used 
and will be described in subdivision 5 of the next section 
The most simple paiallel guide, is a stiaight bai of wood hxtd 
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to the platfoim hy a screw clamp at each end, or by two screws 
passing through tiansverse mortises m the ends of the hai, but 
two sets of graduations aie then required on the platfoim, to 
place the straight fence or bai exactly parallel with the saw 
Sometimes a shallow groove, inclined 30 to 40 degiees with 
the saw, is made in the top of the platform, and fitted with a 
slide, the overhanging edge of which is also inclined 30 to 40 
degrees, so as to be always paiallel with the saw, the variation 
of width arises fiom placing the guide in diffeient parts of the 
gioove Hiis may be consideied a modification of the piinciple 
employed in the Marquois scales and paiallel lule, but as a 
saw guide the range is rather too limited 
A more convenient guide was suggested by Professor Wilhs 
of Cambridge, and is shown in figs 735 and 73G The first is 
simply a squaie the two bars of which aie not in the same 
plane as the one bar lies upon the platform, the other is flush 
with it, and fitted to the back edge of the platform by a groove 
and tongue joint a screw clamp is there situated, to fix the 
one bai of the squaie to the platform, aftei the position of the 
other bai has been adjusted to the width lequiied in the woiks 
This paiallel guide maybe allowed to extend altogether beyond 
the sides of the platfoim so as to have fully twice the lange 
of the jointed parallel rules, to be desciibcd hcieaftei, and is 
besides steady alike in eveiy position, piovided the suifaces 
by which the two bars are united aic sufliciently laigo, and 
fiimly joined 1 he paiallel guide in fig 730 is made in non, 
and also after Professor 'Willis’s plan^ but the back bai, then 
lies in a rebate in the platfoim, and is secuicd by a small clamp 
and screw, partly seen 

6 Sawing the sides of rectangulai pieces — Before commencing 
to saw a piece of wood with the ciicular saw, it is desuable, m 
Older to ensuie accuracy in the result, that two neiglibouiing 
faces of the woik should be moderately straight, to serve as the 
basis from which to commence, otherwise as the work is thiust 
past the saw with the hand, it may assume diflerent positions 
in its course, and thereby gi\e use to enoimous fiiction against 
the saw, and may also present, when finished, curved instead of 
fl it sui faces 

Hound wood is in gcneial too large to be cut up with the 
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small saw machines here referred to, but pai ticulars of the mode 
adopted in large machines are given in the coi responding sub 
division of the next section It may however be obbeived, that 
when the fiist cut is diametrical small round wood may be held 
with toleiable facility to the saw, and it is sometimes sawn at 
twice or with two radial cuts, fiom opposite sides, but which 
cannot be expected exactly to meet When the fiist cut is 
leqmied to be on one side the center, it is much the best plan 
to flatten some pait of the wood with the hand saw oi plane, to 
serve as the bed on which the work may lest upon the platfoun 

In sa\\ing up pieces of plank wood the broad sui faces left by 
the pit saw will in general be found sufficiently accurate for 
then guidance in that plane, so that the edges alone then lequiie 
examination and one of these is sometimes collected with a 
jack phne for greatei exactness 

When the saw has been put in rapid revolution, and so that 
the teeth neai the opeiator descend, the work is laid flat on the 
platform and against the parallel guide and is then giadually 
advanced towards the saw If the work be thrust forwaid too 
quickly the saw may be altogether stopped fiom the excessive 
work thrown upon it, and if it be not advanced at an unifoim 
rate, the maikings left by the saw will piesent coi responding 
irregularities 

In dividing a piece of wood that is long compared with its 
width, it occasionall;y springs open as a fork when sawn, so that the 
outside or guiding edge of the work, from having been originally 
straight becomes a little concave This is sometimes allowed 
foi by making the face of the parallel guide to consist of two 
stiaight lines a little distant one fiom the other instead ofouc 
continuous line, by fixing a thin plate to the pimcip il piece by 
counteisunk sciews The set off in the guide usually occurs a 
little behind the cutting edge, and allows the woik to escape the 
saw, so as not to be scoied by the ascending teeth at the back 
part of the plate and which aie otherwise apt to catch up the 
work, if small, and throw the pieces in the face of the opeiator 

It usu lily happens that many similai pieces are cut in imme- 
diate succession, in such cases, the succeeding piece is frequently 
made to push forwaid that which is nearly sawn thiough, by 
which mode the iisk of hurting the fingers with the saw is 
avoided otherwise the piece is thiust towards the conclusion 
with a stick of wood, having a rectangulai notch at the end 
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The jointed platforms are very convenient, as they can he 
turned up to shoot off any accumulation of work or sawdust, 
and also for the lemoval of any little pieces of wood, which may 
oco ibioiially become wedged in the cleft beside the saw 


7 Sawing groove^ rebates, and tenons —When the pi itform of 
X ciicular saw machine does not admit of any change of elevation, 
as m that shown on page 789 and many otheis, the quantity the 
saw pi ejects through the table can only be varied by selecting 
saws of different diameteis, or by placing supplemental y beds of 
different thicknesses upon the platform the latter method 
generally interferes with the action of the parallel rule But 
in the machine, fig 736, constructed in iron, the hinged plat 
form may be adjusted by the regulating screw in front so that 
the projection of the saw through the table may, if required, 
barely exceed the thickness of the wood to be operated upon or 
the saw may be only allowed to cut to a limited depth, and to 
form a gioove either in the side or edge of the work 

By making two incisions on the contiguous faces of the wood, 
the solid angle may be removed, as in the formation of a rebate 
fig 737, the same cuts again repeated would form the tenon, 
fig 7^8 but this piocess lequires that the end of the wood 
should hive been previously crosscut exactly square in the 
mode explained in the following subdivision ot this chapter 


8 Sawing or cioss cutting the ends of pieces, either square or 
hemlled or those in which the angular variations are in the hon 
zontal plane The most general guide for cutting the ends of 
work either square or oblique, is shown in fig 736, and also in 
plan in figs 740, 741, and 742 , it is applicable to every angle 
An undercut gioove is made in the platform parallel with the saw, 
for the leception of a slide that carries a semicircular protractor, 
which latter is giaduated, and maybe fixed at any angle by the 
thumb screw passing through its semicircular mortise into the 
slide beneath Ihe slide has sometimes V grooves made m its 
two sides, and the pUtform is then in two parts with bevilled 
edges, coirespondmg with the V grooves The v ork to be sawn 
IS held by the fingers in contact with the straight fence of the 
guide, and the two thus giasped are slid together past the saw 

3 D 
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The guide for angles is represented in fig 740 in the position 
for cutting rectangular pieces from the end of a long bar, an ‘e 
edge p p of the paiallel guide, then serves as a stop for the width 
of the blocks thus removed By the similar employment of an 
oblique position, such as that shown in fig 741 xhomhoidal 
pieces of any angle and magmtude, may he as readily produced 
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When the pieces are not cut from the end of a long lod but 
are small, and only require to be i educed to any exact size, it is 
more convenient to affix the stop foi width upon the fence or the 
semicirciilai piotractor, as in fig 741, and in this mannei small 
pieces can be easily sawn into regular or irregular polygons of 
any particular angles and numbers of sides 

In cutting mitres, as for pictuie frames, the one piece would 
be cut by placing the semicircular fence in the position, fig 741, 
but for the other piece of the mitie, it is necessary to place the 
semicircle as in fig 742, so that the guide may precede the work 
that IS to be sawn consequently unless the slide will admit of 
being withdrawn from the groove, and replaced the other end 
foremost, there should be two holes foi the thumb screw^ and 
two indexes for the graduations 

Although the oblique fence may be placed at the smallest 
angle and even parallel with the saw yet when the pieces aio 
required to be thin and acute, it is more generally convenient to 
prepare with the apparatus, fig 740, a wooden guide of the paiti 
cular angle and of the form shown in fig 7 39 , p, hemg the 
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parallel rule g, the guide or heviUed block, and w the woik 
A separate wooden block is necessarily required foi every angle, 
and the parallel guide is still available in determining the general 
Width 01 thickness ot the works 

When pieces are parallel m one direction and bevilled m the 
other they may be cut out without any waste beyond that arising 
from the passage of the saw In such cases the work is prepared 
as a parallel piece equal in thickness to the parallel measure of 
the objects, and the work is turned over between every cut so as 
to saw the pieces “ heads and tails, or the wide end of the one 
from the narrow end of the other, as shown by the dotted lines 
in fig 739 This mode is employed for ivory knife-'handles, and 
for the thin slips for covering the keys of pianofortes, which are 
made thicker in front, where the principal wear occurs 

Triangles may be sawn out of parallel slips in a similar 
manner, thus, by using guides at the angle of foity five degrees 
and turning the work over each time, right angled triangles r 
are produced exactly of one size, with sixty degrees, equilateral 
triangles, e and so on for all others having two equal sides a 
half triangle at each end being the only waste In manufactoiies 
where laige quantities of bevilled works aie sawn, it is usual to 
employ a wooden bevil guide for every diffeient angle required 
both from motives of economy, and also to prevent the acci 
dental misadjustment of variable guides, and sometimes the 
unchangeable guides are made in metal 


9 Sawing leiilled edges and ohliqm pnsins or those in which 
the angular variations are in the vertical plane — In cutting pieces 
with bevilled edges, a supplementary bed of metal, the hinge of 
which IS quite close upon the saw platform and against the saw, 
IS occasionally employed this may be set at all angles by a stay 
and binding screw But the more simple and usual plan is to 
employ supplementary wooden beds planed to the definite angles 
icquiied, and through which beds, the saw is allowed to cut a 
thin keif as usual 

A pietty example of the use of inclined sav beds is seen in 
the so called mosaic works, consisting of groups either of 
triangles, rhombuses, or of squares, cut in different colouied 
woods, ind arranged so as to constitute various patterns, which 
it IS proposed to distinguish as tiiangular mosaics and square 

3 D 2 
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mosaics Mi James Burrowes of Tonbridge Wells, iiifoniis tl^^ 

autbor that neaily every sort of wood is 

foieign, and also many sap woods but principally holly and eboi y 
for white and black , and bar wood barberry, beech, cam wood, 
cherry, deal, fustic, gieen ebony king wood, lauiel laburnum, 
hlac, mulberry, nutmeg, orange, partridge, plum, purple yew, 
and walnut, for various colours Mr Burrowes adds, that he 
was the first to introduce this work m I onbridge ware turner y, 
boxes, ahd toys, although stuped, feathered, and tesselated works 
somewhat of the same kind, were used long prior, in the baud 
mgs and stringmgs of ornamental cibinet woik 

Boi the triangular mosaics, beds of the angles of 45 and 22 
degrees are pimcipally used, but others of 15, 30, 60, and 7 5 
degrees are also occasionally emplojed , they require guides fur 

parallelism, either to be applied to the inclined beds themselves, 

01 to be added to the parallel rule, with the power of adjustment 
vertically as well as horizontally , very thin saws are used, and 
they project but little through the beds 
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The wood is cut in pieces six or seven inches long first into 
veneers of appropiiate thickness the formation of which into 
slender squares requires no explanation Figuie 743 shows 
that a bed of 45 degrees, will at one cut for each piece, conceit 
the veneer into rhombuses figuicd separately at rt, the acute 
angles of which measuie 45, the obtuse 135 degrees each and 
when the wood is turned over between each cut, light angltd 
tiiangles h, are produced, with the same bed When, as in the 
dotted line fig 743, the bed measures degrees, and the woik 
is also turned over, triangles are pioduced such as c, and from 
which three figures, a, b, c, almost all the woik is compounded 
Such of the pieces as are leqmied to loim the pattern aie 
selected and carefully arranged in groups on the Ixnch one 



INCOSAIC WORKS IN WOOD 


765 


iR an picks up a small group brushes them o\er quick!} with 
thm glue, and hands them to another workman who dexteiouslj 
ai ranges them in their requiied positions and further quantities 
of the pieces aie handed up by the first workman until all that 
constitute the first glueing aie arranged Ihe stick, or faggot, 
IS then tightly bound with string and before the last coils are 
strained around the mass an} pieces which stand out beyond 
their tiue positions, aie lapped with the hammer along the side 
of the faggot 

Greneially eight rhombuses a, constitute the central group as 
in fig 744 and the eight angles are then filled up by right 
angled triangles, h thus pi educing an octagon which is allowed 
to diy At other times the eight rhombuses, d, are combined 
for the cential stai, the hollow angles of which are filled in by 
eight squaies, winch themselves produce eight new angles A B 
fig 74o, each measuring 135 degiees Sometimes each angle 
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A B, is filled by the obtuse angle of one rhombus, a, ^Cnd this 
also produces an octagon At other times, each angle, A B' is 
filled by the thiee acute angles of three rhombuses which 
together measure 185 degrees also (one group being striped the 
others only dotted), and afterwaids 16 right angled triangles, h 
complete a neaily circular figure The whole of the latter group 
would be combined at one glueing by dexterous workmen, 
except when the squaies or other pieces aie themselves com 
pounded of little bits, which is a prepaiatoiy piocess 

ihc ccntial octagon, fig 744 when diy, is often suirounded 
1)} other sectional groups, as in fig 716, eithei eight compounded 
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triangles, such as c, with the new spaces filled by eight light 
angles 6, to reconstitute the octagon or else eight wedge foini 
pieces, d, are alone used The edges of the sections aie g ued 
Ind quickly placed aiound the octagon il nucelus after which the 
whole is sometimes fixed between powerful clamps oi wedged 
within external rings , at other times, stung is again used to 
hung the parts together 

The blocks, when finished aie allowed to diyfor some weeks, 
and are ultimately cut into thin veneers and glued upon lo ind 
boxes Octagons of different patterns are united side by side, 
and the spaces filled in with right angled triangles, so as to con 

stitute straight patterns for the centeisandboidexsof rectangular 

boxes Small round sticks are occasionally turned into little 
ornaments, and the curvilineai surf ices so obtained, present 
various pretty effects when the intersections are accurate 

The compounded sections of the wooden mosaics are generally 
preparedbeforehand of small triangles, as a distinct process,and ai o 
frequentlj screwed fastin cauls of their appropriate angles, or they 
are built up as laminated sheets, and cut into form with the saw 

The chequered s( 5 Luares are prepared from slips of veneer one 
inch or more wide, so as to avoid handling the little squares, 
winch could scarcely be tied up in true rectangular ariangemeiit 
Xhe pieces of veneer are glued together, either white and bla< k 
alternately, or in any arrangement that the pattern may require 
strips cut off the edges of the laminated pieces and reversed as 
at a fig 747, produce the chequered squares, cut obliquely and 
alternated they produce rhombuses h and stuped rhombuses c, 
triangles d and squaies, can be also readily obtained, and tho 
author suggests that b, o, d and similar pieces, should as in tho 
diagiams,figs 745 and 716 be mingled with the present patter im, 
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many of which aie much elaborated, piimlpally from small 
triangles alone, without a sufficient icg ud to the gcneial design 
or drawing of the figure The authoi possesses however, a vt i y 
good specimen of mosaic work eoinposcd ihnost entirely of 
triangles, which m a diameter of 3-^ inches, contains no less than 
808 separate pieces of wood, combined with very good effect 
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The square wood mosaics, called also Berlin mosaics, fiom 
their assimilation to worsted works, are more recent than the 
triangular Figures of vases, animals, and running patterns are 
composed entiiely of little squares of various coloured woods, 
which are glued up like the chequered works Supposing the 
entire pattern to constitute a lectangle composed of 20 squaies 
in width, and 30 in length 30 slips of veneers of appiopiiate 
colours and an inch wide, are first glued together and this is 
repeated 19 times, making one laminated block a for every line 
of the figure A veneer b, is then cut off from each of the 20 
blocks A and these striped veneeis b are glued side bj^side to 
constitute the group c, of COO slender squares, the thmleaves cut 
off fiom the end of this last constitute the mosaic pattern d 
The accuracy of the work greatly depends on the exact simi 
litude of the veneers as to thickness , and as the blocks a, will 
each produce some 15 or 20 repetitions of b and c the perse 
vering care required m the formation of a single specimen, will 
also effect a vast extent of repetition of the same pattern oi d 
The small square mosaics for boideis and other works are 
usually inlaid in slips of holly asiunnmg patterns, by aid of the 
buhl saw Very large mosaics aie usually made in G, 9, oi 12 
sections, glued up separately into squares, and then combined 
One example thus foimed by Mr Burrowes, represents the 
Prince of Wales s feathers, arms and motto, it measures by 
2|- inches, and consists of between 8000 and 9000 squares , the 
block was prepared in 12 sections, that were afterwards united ^ 


l^rom the researches of Wmkelmann Wilkmson and otheis there appears to 
he no doubt but that, 3300 years ago the ancient Egyptians were wonderfully 
successful m making mosaics of minute cylinders squares and filaments of glass 
united by partial fusion and pressure and that from the end of the mass shoes 
about one sixth of an inch thick tv ere cut off and polished much the same aa 
above described 

Various specimens are referred to, m which the pictures are said to be very 
perfect and exactly alike on opposite sides shawing them to run thiough the 
mode of construction is apparent from the joinings being just visible m a strong 
light and from the colours having in some places lun into one another from the 
paitiil eveesB of the heat employed m uniting them 

The 1 gyptians also appear to have made other mosaics by cementing pieces of 
glass atone and gems on backgiounds just the same as since practised by the 
ancient Ponuns and by the aitisis of Italy and oihei countries m oui own times 
— Sa Wilkinsons Mannois and Customs of the Ancient T gyptians 183^ Vol m 
pages 01 — 07, tc 
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In sawing the regular prisms of from 3 to 12 sides, it is neces 
sarythe inclined beds should meet the saw plate at the same 
angle as that at which the sides of the polygon meet or then 
exterioi angles It is therefore proposed as an example for all 
prisms to trace in fig 748 the formation of the hexagon, oi 
6 sided prism, from a round or irregular piece of wood, upon 
which, as a preparatory step one plane surface has been cut in 
any manner, either by the saw or plane Ihe following table 
contains the seveial angles req[uiied 


In regular prisms of 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 sides 

Tlieir external angles , 
measure J 

The supplements to" 

60 

90 

108 

120 

128^ 

136 

140 

144 

147i' 

150 deg 

the external angles 
or what they fall 
short of 180 de 
grees are j 

j- 120 

90 

72 

60 

5V 

45 

40 

86 

82A 

30 deg 


Heferiing to the above table it is seen the external angle 
of the hexagon is 1^0 degrees (represented by the dotted aie A), 



and that the supplement to the latter is GO degiees, thcicfoic 
the inehned bed should also meet the saw at an angle ot ()0 
degrees (lepiesented by the dotted aie, B )b} means of tins bt d 
alone, the second side of the piism would be cut on the 
of wood But m cutting the leinninug ioui sides, it would be 
icqiiiied to introduce some guide, to cusuie the paialklisni and 
equality m width of the sides , and this is done by laying a sc coud 
angle upon the fiist also equal to the supple incntaiy angle of 
60 degiees (represented by the dottc d aic , C) lluu B and (\ 
winch are of the same angle, together constitute a tiougli, and 
the width of the side of the trough neai the saw, must be equal 
to the side of the required hexagon , but tlu second piece C is 
not adjusted to its position, until aftei the fust two sicks of the 
prism have been sawn Tlhe angle of the inclined hods must he^ 
very exact , as any error that maj exist, hecomes aecumulati d, 
or IS SIX times multiplied m producing a hexagon 
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Irregular polygons have frequently the angles alike hut the 
sides dissimilar, thus it may be considered that in<x, fig 749 a 
paiallel piece is added between the halves of the regular hexagon 
whereas in Z), a piece is abstracted and in c two of the sides dis 
appear These and the entire gioup, a to g, fig 749, may be 
sawn with the bed B, fig 748, of 60 degiees 

It IS most convenient especially when many pieces aie wanted, 
to piepare for a, a rectangulai piism, and then to cut off the four 
dotted triangles at four cuts, leaving the stop s, m the same 
position throughout h may be treated in the same m inner 
as a or else as in c, the two exteiior cuts may be made on the 
edge of a wide piece of board, and then two interior cuts lemove 
the rhombus c, and leave a hollow angle of 120 degrees, as 
explained by the dotted lines 

The several inveited angles of the piece g, may be also pro 
duced in this manner by two cuts each , two of the cuts in g 
are however made on the hoiizontal table, and not the inclined 
bed,B The inverted angles are convenient as troughs to support 
prismatic pieces on then angles, instead of then surfaces 
Pieces analogous to those atog,m \y be cut on beds of any 
other angles but when the prismatic pieces have dissimilar 
angles, unless they are complementaiy one to the othei, separate 
inclined beds are generally required for eveiy angle ^ 


10 Saioing geometrical solids and irregular pieces^ or those in 
lolnch the angular variations, are m both the horizontal and vertical 
planes — It is pioposed to illustrate this part of the subject, by 
some remarks on the formation of various solids illustrative of 
geometry, and crystallography, such as erect and oblique prisms, 
pyramids, double pyramids, the five regular solids or platonic 
bodies (namely, 1st, the tetrahedron, 2nd the hexahedron 3id, 
the octahedron, 4th the dodecahedron, 5th the icosahedron,) 
md some other polyhedra And, although in the formation of 
the models of these solids, various modes are employed, those 
methods will be selected, in which all, or nearly all the work, 

* It will be shown m the succeeding section that m some cnises prismatic \\ oiks 
ue mounted uiion in axis placed at vaiious anj^les by a dividing plate ami 
then applied to the saw And in the subsequent volumes it will ho hkcwiHO 
explained tint most lathes foi oinimental turning possoss vciy re idy moans o£ 
pioducing both in wood ind metal in infinite variety of i)olygonal and polyhodx il 
woiks, with gK it piooision and smoothness 
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may be perfoimed by the saw macliine alone, independently of 
the various other means 

The models above referred to, are geneially made m sycamore, 
maple, or hoise chestnut and in the majoiity of cases, the wood 
IS piepared as prisms, the sawing of which has been fully 
described Sometimes, befoie the subsequent piocesses, the 
prisms are very caiefully plmed in angulai beds, mostly so 
ai ranged, that the smface to be planed is hoiizontal 

A long piismatic rod, carried to the saw at right angles, is 
readily cut into short eiect piisms of vaiious heights, and the 
same piisms earned obliquely to the saw, become oblique piisms 
Forpyiamids of 3 to 13 sides long piisms should be fust pre 
paied also of 3 to 12 sides, the sections of which are exactly equal 
to the bases of the required pyramids 

The piisms are usually cut into short pieces equal to the 
veitical height of the pyramids and one guide block suffices for 
making all pyramids the sides of which meet at the same angle 
I he ordinary guide or gage block, is simply a piece of wood 
having at the end a rectangular and perpendicular notch BCD, 
fig 755 which may be made at the saw machine by aid of 
the pi oti actor For pyramids the sides of which meet at 00 
degrees, as in fig 750 the side B C, of the notch m fig 755, 
measures 30 degrees with the principal edge A B, of the guide , 
foi pyramids of 40 50, oi 70, the angle of the guide is respec 
tively 20 25, and 35 degrees, or half the angles at which the 
sides meet 

The side A B, of the guide is placed in contact with the 
p iiallel lule and the short prism is placed in the nook so that 
in every case the base of the piism lests against the face C D, 
and one of its sides nhatsoevei tliei} numher,touchesiheveTtical 
faceB C, the parallel rule is then adjusted to direct the saws s, 
through the dotted line pioceeding fiom the apex to the base of 
the pyramid One cut having been made, the guide and woik 
are quickly withdrawn, the waste piece removed by the saw, is 
thrown away, and the block is shifted loinid until the succeeding 
face of the prism, (or so much of it as lemams ) touches the face 
B C, and so on to the last face of tho pyi unid 

Sometimes as m fig 751, a pyiamid is cut ai each end of a 
prism, the method is almost the same, but the wood and guides 
aie e leh longer, as m fig 756 Ihe squaio end of the pusm is 
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placed agiinst the stop, and the first pyiamid having been cut 
the piece is changed end for end, and the process is repeated , 
in cutting the second pyramid, the point of the first touches the 
stop, or a notch may be made in the stop to prevent the extreme 
point of the piism from being bruised 

When the pyiamids meet base to base, as m fig 752, 
other methods aie pursued dependant on the parallelism of the 
opposite sides or angles of equal pyramids Sometimes the 
prism IS cut off to the exact length of the double pyiamid and 
the first pyiamid having been cut as shown m fig 756, the 
second pyiamid is pioduced as is fig 753 by laying the sides of 
the first pyramid against the parallel rule, and placing a wedge 
beneath the point of the fiist pyiamid, to support the axis of 
the piece hoiizontally 

Figs 7o0 751 752 7o3 754 




A much easiei and more accurate way of cutting the second 
pyramid, IS suggested by the authoi in figs 757 and 758 The 
prism IS m all cases to be left longer than the two pyramids 
the first of which is cut as in fig 756 Then leaving all matters 
xb before for pyramids of 4, 6, or 8 sides, simply to remove the 
paiallel guide sideways, so as to change the position of 756 
into 757, in order that the saw may enter the opposite side of 
the piibin at the base of the fiist pyramid, and proceed into the 
solid pi ism as fax as its center In a 4, 6, oi 8 sided prism, the 
4 6, 01 8 cuts release the double pyiamid in 757 fiom its hollow 
bed, orinvcited pyiamid, oi that which is boinctimeb tcimed,by 
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mm^^ralogists its pseudo mo 7 phows crystal It is needful tlie 
saw should penetrate slightly beyond the apex and the ciystal 
will jump out of its bed when the last side is iieaily cut thiough, 
leaving a tiifling excess on the last side just it the point , but 
if theinveited cuts aie extended much beyond the ipex, the 
model will be released before the last side is completed 

For double pj^ainids of 3, o, or 7 sides, meeting base to base, 
as m fig 752, the position of the saw in fig 757, cannot be 
employed in cutting the second pyramid because in a pyiamid 
with uneven sides, the saw then would enter at one of the angles 
instead of at one of the faces of the first pyramid Conse 
quentlj the angulai guide fig 756, is changed end for end as 
in fig 758 and all the sawing is done on the same side of the 
axis of the piism The position fig 758 might be usedfoi all 
second pyiamids whethei of odd or even sides, but foi the lattei 
the guide fig 757 is more conveniently placed 

Sometimes, however, it is requiied that the face of one pyra 
mid should meet the edge of the opposite, as in fig 754, thus 
producing what is teimed m mineialogy a onacled oi twisted 
crystal Macled double pyramids with 3, 5 oi 7 sides are cut 
by pursuing throughout the method presciibed for oidmary 
double pyramids with 4, C, or 8 sides, namely, using the one 
guide, after the mode fig 756 for the first and after the mode 
fig 757 for the second pyiamid, and then with pyiamids of 
uneven sides the requiied displacement is obtained 

Macled doubled pj ramids, with 4, 6, oi 8 sides requiie the face 
B C of the first guide, fig 757 to be peipendiculai as m the 
reduced figure a 758 and the fice B C 757, foi the second 
pjiamid, to be inclined 22^ 30, oi 45 degiees lespectivcly as 
at b 01 half the supplement to the external angle ot theiespec 
tive polygons For macled hexagonal pyiamids the side 13 C, 
may continue perpendicular, provided that in sawing the second 
pyramid, the edges and not the face% of the 6 sided pusm aie 
placed against B C, fig 757 

Irregular piisms may be sawn into %} regular pyramids, but 
certain coirections aie sometimes required Thus, the piism 
beneath fig 7 59, which is moie, and fig 760, which is less than 
a regular hexagon, produce the irregular pjiamids icspectively 
annexed the sides of each of which meet on one base line In 
the first pyramid, fig 759, the plain iidgc is equal to the centi il 
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piece added to the hexagon in the second pyramid, fig 760, 
the cential face that coirespondsto the naiiow side of the hexa 
gon, tei inmates below the extreme point The six fices might 
in either case be made to converge exactly to one point, by the 
cinplo}ment of a second guide adapted to the irregular side 


li|,s 759 760 761 762 763 



equal angles, produce pyramids, that converge exactly to a point 
Ihus fig 761 shows the result when the rhombic pnsmis cut 
into a pyramid, the bases of the side also meet on one plane, 
and when the piece is released by cutting the inverted pyramid by 
the method shown in fig 757, the solid that results is an irregular 
octahedron, the section of which is rhombic in both planes 
lo produce an octagonal pyiamid from Si regular 

octagonal prism, a wedge is placed beneath the prism, as in 
fig 763, which now lepiesents the guide the point of the wedge 
IS to the left, m cutting the sides 1 3, 5, 7, of the octagon, and 
the point of the wedge is to the right, m cutting the sides 3, 4, 
6, 8 By this twisting of the axis, the legulai prism yields an 
irregular pyramid of the section shown at fig 763, and the 
departure of the latter from the true polygon, is shown by the 
angular space, between the true polygon, and the vertical face in 
fig 763, vhich space represents the piece removed m virtue 
of the subjacent wedge, the angle of the two being alike 

When the inverted iriegular pyramid is similaily cut, the line 
of junction of the two is in one plane when the more obtuse 
edges of both pyramids meet , but the line of junction becomes 
zig zag or macled, when the more obtuse angles of the one 
octagon meet the less obtuse of the othei 

The same method pursued with the 4 or 6 sided prisms pro 
duces similar results, subject howevei,to certain displacements 
ot the edges and points, the modes of correcting which will 
b( suliicicntly manifest to those who take up these matters 
pinciicall} 
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It IS now proposed to show how hy pursuing the methods of 
cutting various p}ramids, the five legular solids and many 
others can be obtained with the saw machine 

The teti aliedron with 4 planes each an equilateral triangle, is 
cut fiom a regulai triangulai prism inclined 19;| degrees,* and 
It IS best to cut it at the end of a long piece, as m fig 756, and 
then to lemove it by one cut of the saw at 90 degrees which at 
any distance between the apex and base produces the true 
tetrahedron 

The hexahedron or cube, with 6 planes each a squaie,is cut 
off fiom a square prism held at 90 degrees , the length of the 
piece removed, must necessaiily be the same as that of the 
sides of tlie prism 

The regular hexahedron or cube, may be also viewed as two 
triangular pyramids, the faces of which are interposed or macled, 
or so placed, that the face of the one p}rainid meets the angle 
of the opposite, as before explained in fig 754 And pursuing 
this method, the cube may be sawn from a tiiangulai prism by 
the positions figs 756 and 757, provided the prism is inclined 
exactly 85|- degrees to the saw t The cube, when produced in 
this mannei from the triangular prism is however very small as 
viewed diagonally, (and in which direction it is cut,) the cube 
appeals as a hexagon, three angles of which touch the centers of 
the triangular prism It is better to use the hexagonal prism, 
and to place its alternate sides, 1, 3, 5, successively upon the plat 
form, both foi the first and second processes figs 756 and 757 , 
in which case the hexagonal outline of the cube, may be as large 
as the section of the hexagonal prism fiom which it is sawn 

Any other inclination than 36^ degiees produces an oblique 
hexahedron, or rhomboid, with six equal ihombic faces Foi 
instance, the very dissimilar figures 764, 765, and 766, weie 
cut fiom hexagonal prisms of the same size and respectively as 
large as the prisms would permit In fig 7 64, which is an acute 
or elongated ihomboid, the angle at which the piism met the 
saw was 10 degrees , and in fig 7b 6, an obtuse or compressed 
rhomboid the angle was 80 degrees Viewed along the dotted 
line or through their common axis, the three figuies all appear 
as equal hexagons, and show the three pyramidal planes of each 
solid as equal ihombuses, as m the figure 767 but the axis of 

* M-ithematically 19 28 17 t Mathematically 35 15 52 
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fig 764 IS about foui times as long as that of the cube, 765, the 
axis of 766 IS only about one eighth as long as the cube, and its 
edge IS acute like a knife 


Figs 764 765 766 767 



The octahedron, with 8 planes, each an equilateral triangle, 
may be viewed as a double square pyramid cut off at an angle of 
degrees * and is produced in that manner with veiy little 
difficulty from a square prism When the prism meets the saw 
at a smaller angle than 35|- degrees, the octahedron is said to be 
acute or elongated and when the angle is greater, the octa 
hedronis obtuse or compiessed, as recently explained in regard 
to the rhomboids figs 764 and 766 

It has been considered unnecessary to represent the regular 
tetrahedron, hexahedron, and octahedron, which are simple, and 
famiharly known , and the subsequent figures 768 to 771, of 
the dodecahedron the icosahedron, and trapezoh^dron, are to be 
viewed as explanatory diagrams and not as faithful representa 
tions of these respective polyhedia 

The dodecahed? on, fig 7G8, with 13 planes each an equilateral 
pentagon may be viewed as frusta of two pentagonal pyramids, 
the sides of which aie interposed oi macled, and the pyramids 
being truncated form the two remaining pentagons The double 
5 sided pyramids, aie first cut at the angle of 36j degrees I and 
discontinuously, by means of the positions shown in figs 7 56 and 
757, the sides of the pyramids will then be found to meet at 36°, 
the angle made by the first and third sides of a pentagon The 
outer plane is obtained by cutting off the point of the pyramid 
at right angles to the prism, and extending it by trial, until the 
teiminal pentagon itself and the 5 pentagons near it, become 
equilateral The second pyramid, not having been cut so far as 
the center the solid is now removed from its matrix or prism, by 
one cut at right angles to the prism, and so far removed from 

* MitUemakoally 36 15' 52' or Mf the supplement to 109 28 16 the 
angle at which the pyramidal planes of the octahedron meet See Brookes 

Crystallography pige 116 
f Mathi iiiatioally 26 33 54 
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the angles of the zig-zag line on which the pyramids j oin, as tlie 
corresponding pentagon, at the outer end of the solid 

The above, or the pentagonal dodecahedron, is also called tlie 
Platonic dodecahedron hut there is another kind named tlie 
rhombic dodecahedron, which is more referred to by minein- 
logists Ihe rhombic dodecahedron fig 769, has 13 faces, each 
an equilateral rhombus and may be viewed as a hexagonal pribiii 
with a shallow triangulu pyramid at each end 

The ihomhic dodecahedron xn&j lae therefore sawn from the 
hexagonal prism, provided that first three pyramidical planes ax c 
cut at the angle of Ui degrees,* and that the solid is tlu u 
released from the piism by three similar but inverted cuts on the 
intermediate angles of the hexagon, so much of the central pi isiu 
being left as wiU make six rhombuses equal to those teiminatiiig 
the original prism 



The rhombic dodecahedron may be also viewed as a squat c 
prism terminating in two square pyramids cut ofl at an angle of 
45° but as these planes run on to the angles of the piism, it is 
needful the bed should be inclmed 45° hoiizontally for tiro 
pyramids, and also 45° vertically, for their displacement 

The icosahedron fig 770, with 20 planes each an equilattinl 
triangle, may be viewed as two obtuse pentagonal pyraniidH, 
united by fiusta of two other pentagonal pyramids a to h, the 
sides of which are very acute and interposed The icosahedron 
may be saw n from the pentagonal prism neaily in the manner of 


Mathematically, H 44 8 ' 
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the last, the first guide is the angle of lOf degrees * and suitable 
to cutting the two cential frusta This guide is first employed as 
m fig 756, and then shifted as in fig 757, the 10 cuts produce 
the 10 angles, each of 60°, constituting the central zone of the 
figure The extreme end of the piece is then sawn at fiye cuts 
on a bed of 52 J degrees t so that the five planes of the outei 
pyianuds constitute equilateral triangles exactly terminating on 
the line a, or on the sides of one series of five triangles and the 
points of the other senes constituting the central zone of the 
solid The icosahedion is removed fioin the prism by placing 
the guide block as in 757, and cutting the second pentagonal 
pyramid, which similarly to the first, falls on the line b and just 
meets both the sides and angles of the 10 central triangular 
faces, when the work is accurately performed every point is the 
centei of a group of five equilateral triangles 

The solid fig 771, with 24 equal trapezoidal planes may be 
viewed as two fiusta of octagonal pyramids joined base to base 
with continuous edges, and surmounted by two obtuse four sided 
pyiamids This solid belongs rather to mineralogy than geometry, 
and occui s with various angles its usual name is an %costtessei a 
hechon butit has been sometimes teimed a t'i cijpezohed'i on fiom 
the shape of its faces three of its varieties will be noticed In 
the first, the three quadrantal sections namely, through A o E 
through 0 0 Gr, and through A B C D E F G H, are all regular 
octagons, and the angles of the solid aie throughout alike this 
variety may be therefore called the regulai trapezohedion In 
others the three sections are irregular octagons, and the alternate 
angles dissimilar, these may be called irregular trapezohedi a 
and two of these varieties that occur in mmeialogy are referred 
to in the annexed table 

The regular tra^ezohedron may be sawn from the regular 
octangular prism, by means of two beds, one of them inclined in 
two d%rections The first bed for the frusta of the two central 
pyramids, is inclined 21 degrees horizontally, or omthe line B C, 
fig 75G The second bed for the two exterior four sided pyia 
imds, IS inclined 59|degrees horizontally on the line B C,fig 756 
and 22 1 degrees vertically, as at 5, in the same gioup in ordei 
to twist the prism on its axis, because the four terminal planes 
run on to the angle of the octagon 

^ Mathematically 10 48 44 f Mathematically, 52 37' 21 

3 F 
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The four planes of the terminal pjramid produce tiapeaiums, 
and which are increased by trial, until they just equal the eig it 
trapeziums formed by the partial obliteration of the central 
pyramidal faces The second four sided pyramid, which com 
pletes and releases the solid, is merely an inversion of the first 
Theiiregulai or miner alogical trapezohedia, may be pioduccd 
from the regular octangular piism, nearly m the manner just 
explained, bythe employment of different angles, that are stated 
exactly m the annexed table which shows the compauson of the 
three varieties of this solid selected for illustration 

A.iteniate angles of Beds for the central Beds foi- tbo terminal 
the solids paits 

ACBGBDFH Wedge 

Reg Trapezohedron 135 0 135 0 56 none 59 38 22 ^6 

Irreg 126 52 143 8 24 6' 8 8 54 44' 22 30 

! 143 8 126 52 17 33 8 8 64 46 22 30 

The table supposes the regular octangular prism to hem e^ eiy 
case used, but to produce the irregular pyramid fiom the i eqnlar 
piism, requires the use of a wedge, as explained in page 773, and 
the angle of the wedge is half the difference between the two 
external angles of the prisms, which aie simply the reverse one of 
the other The wedge becomes unnecessaiy if prisms aie i>re 
pared, having the same irregulat section that occurs in the second 
and third solids, and which is the pieferable mode If the lathe 
with revolving cutters and dividing plate is used for prei)anng 
the piisms as heieaftei recommended instead of stopping the 
lathe at eight equal spaces, or taking 45*^ each time the angles 
taken alternately are the supplements to the two external angles 
of the piism, common to the second and thud solids, nauitly 
53° 8 and 36° 52', which together aie equal to 90° 1 WIku 

* The irregular trapezohedron m another of its sections is a regular hexagon, 
Tig 772 illustiated by the figure 77^ six of the trapeziums thien con 
stitute parts of the orif,mal prism three trapeziums at an 
obtuse angle form the summit of the crystal and thret pairs 
of trapeziums are situated moie acutely and intermediately 
The trapezohedron might bo theiefore also worked from the 
hexagonal prism by aid of two beds of the particular angles, 
one of them having a double inclination 
f The angles for the dividing plate are consecutively as follows 

1— 53 8 3—143 8 5—233 8' 7—323 8 

2— 90 4—180 6—270 8—360 

Unless the lathe has an index with an adjusting screw the 8' must in each ( aao bo 
neglected but it is an admissible eiror 
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the wedge is thus dispensed withj the vertical angle 30' suit 
ihle to the regular prism, becomes 18° 26' for the second and 
26° 34' for the thud solid in the table, orh'ilf the supplements 

The order of pioceeding given, m reference to producing the 
vaiious solids with the circular saw namely fiist to saw the central 
paits of the solids and then the terminal planes or pyiamids, is 
in all cases advisable when onlv one or two solids of a kind are 
made as the equality of the faces is then arrived at by two 
adjustments in place of four The two central poitions are 
simply inversions one of the other, and necessarily agiee without 
trial , the central part thus produced, serves as the base from 
which to deteimine the two adjustments for the terminal parts 

As however, every step of this process depends on the primaiy 
accuracy of the prism, which serves as the means both of guiding 
and holding the pieces, whilst under formation, it is desirable as 
regards the more complicated polyhedra, that those who possess 
the lathe with revolving cutters, for ornamental turning, should 
make or at any rate finish the prisms therewith, which will 
thence acquire an unexceptionable degree of accuracy The 
trouble of piepaimg the wooden prisms, may be entirely saved, 
if metal prisms of the several sections each with a conical hole 
to seive as a driving chuck, aie prepared The pieces of wood 
for the solids aie then roughly turned as cylinders with conical 
stems winch are driven into the prisms for their attachment 
The metal pi isms maybe used for an indefinite number of pieces, 
they save much trouble and uncertainty, and are especially 
desiiable in the more complex polyhedra 

Ihere are other and very different ways of making the 
geometiical and ciystallographical solids Sometimes the wood 
IS prepared with the plane alone, into prisms of unequal sides and 
angles, so arranged, that two or four of the sides of the solid, 
may be parts of the surfaces of the original prism, and that some 
of the edges of the solids may fall on the remaining faces of the 
prism 1 he plane is then used subsequently to the saw machine, 
in perfecting and smoothing all the faces 

These modes do not admitof the same generalisation oi facility 
of method as that described, which the author believes to be 
original, and that maybe called the method of double pyiamids 
and which he was led to work out practically to the extent set 

3 I 2 
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forth, in order to showhowmuch ma\ he done by the saw machino 

and vaiions simple adjuncts 

The author has now the pleasing duty to acknow ^ 
kmdMM of Piofoosor W.lte who h.s cxammod 
detaJs malhemotto JIj , .ud furmshed the corrected anglot that 

arG givGii 111 tliG notes and t^ble 


Many crystals that occur in mineralogy aie consulcrcd to he 
derived from the primary solids, especially from the tetralu di on, 
cube, octahedron and the rhombic dodecahedron, bj the obhtf la 
tion of some of their edges and angles m vaiious ways , oi as it 
IS said in mineralogy the edges aiehevilled or^ cplaccc ,t it ^ 
or angles aie tiuneated By way of general illustration ot tho 
method of producing these secondary crystals from their pnma- 
ries, a few of those derived from the cube are dcmonstiati d by 
figs 773 to 778 but numerous other crystals, from this and other 
primary solids, might be advanced 

The cubes are first prepared as described on page 774, and 
their faces are rubbed smooth, in cutting their edges and 
angles, beds similar to fig 779 are required Tho lattoi may be 
made entirely with the saw, for example, the rectangular block 
is supported on the face A, and two incisions a h, each at 
45 degrees, are made hy means of the saw and protractor, then 
the piece being placed with B downwards, and with the face A, 
against the parallel rule, the perpendicular notch e, is sawn, tho 
three cuts release a piece of wood, leaving a cubical matrix 


Figs 773 774 776 776 

Fig 778, tlie cxibe with bevilled edges, requires that tho c dgos 
of the cube should be parallel with the saw, and tho guide is ilu u 
placed, as m fig 781, that is, before the protractoi, whic h iB sc t at 
zero, and s is the stop for the quantity each of tho 19 edges is 
bevilled or truncated Cubes with two hevils or planes on ( iuh 
edge, may he hevilled with the position 781, provided the guide 
IS tilted up some 90 degrees, hy fixing a wedge of ^0 dcgiecH 
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beneath the guide, as dotted m fig 779, or othei wise by making 
a similai bed fig 780, with the angles 25 and 65 msteid of 45, 
which will make a rectangular notch, inclined 20 degrees, as m 
fig 780, so that the wedge may be dispensed with 




a 

Fig 774, the cube with three bevilled planes at each angle of 
the cube, (one angle only being shown ) is obtained with the 
position of fig 781 , but the protractor is then set about 10 
degrees from 90, so as to cut off every edge of the cube by 
two cuts slightly inclined The square face of the cube then 
becomes an octagon, if the facets meet as lepiesented rn dotted 
lines or a dodecagon when the bevils do not meet The bed, 
if also inclined vertically, as by the wedge in fig 779 will 
duplicate the angular chainfeis, and it is cleir this elaboration 
may be earned systematically to any required extent 

Fig 775, m which the anghs of the cube aie tiuncated on 
the diagonal require that the bed fig 781, should be placed at 
35|- degrees * nid then the angles of the cube will be cut off 
neiily at 54 J degrees to every plane, or at right angles to the 
diagonal, and this little facet, m like manner to the above, may 
be converted into three planes, somewhat after the manner of 
fig 774, if so required 

When, as in fig 776, the angles of the cube are so fai oblite 
rated, that the eight little triangular planes exactly meet, the 
cube IS converted into the cuho octahedron, a solid having six 
square faces and eight triangular faces, the whole of which aie 
equilateral one only of each is represented to avoid confusion 

By pm suing the last method a little fuithcr, so that the trian 
gulai faces encroach upon each othei, they fust pioducc a little 
ridge intermediate to the neighbouimg facets, and earned to the 
proper extent, convert each of the tuangulai faces in fig 770 

* Mathematically 35 15' 52' the same angle as that oxn[)l(>yotl to pioduce the 
puhe from the regular pusm with 3 or 0 sides, by six pyramidal cuts, and also 
the regular octahedron from tlui »qu irc prism 
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xnto equilateral hexagons, ID fig 777 ^ 

are all that remain of the original cube and these 
united by eight hexagons, all equilater^ The nam J, 

^hen perfected the ex octahed^ on and which implies that this 
solid may be also obtained /lom the regular octahedron, by 
obliterating Its six points, which develope the six f ® 

the hexagons are then consequently parts of the octahedron 
If as in fig 778 all the angles of the cube could be truiuatecl 
by planes extending from angle to angle, the cube would d( scend 
to the octahedron With the cncular saw this is impiactu able 
to the full extent, although some of the planes may be dove 
loped but the mineralogist produces the octahedron fi oiii cubes 
of fluor spar, which splits diagonally from eveiy point of the 
cube with great facility 

When the octahedron is produced by the cleavage oi nuoi, 
further reduction only makes a smaller octahedron, wlin h form 
IS thence desciibed as the primary crystal of this mineral lii 
other minerals, the cube is the primary to the octahedioii 
It IS expected that enough has been said to show that, with a 
little contrivance in the cairying out of the methods advanced, 
a vast number of even the most complex models of geoinctiu al 
and crj stallographical solids, with plane surfaces may be pro 
duced with comparative facility and great exactness, by the 
saw machine , and the mechanical amateur will find it a some 
what fasematmg study, especially if he be likewise interested 
in geometry or ciystallography 

Ihe circular saw should be lather stiff, and have fine teeth, 
as then the planes developed by the instrument will be toleiably 
smooth, and merely lequire to be rubbed slightly on a sheet 
of fine glass paper, 1 iid on a flat bond oi metallic surfac c they 
aie sometimes cleaned off on a wooden face wheel, on which 
powdered glass or flint is glued aftei the inannci of glabS papei 
In concluding this section, the author begs to add that the 
whole of the various works deseribed, subsequently to page 
may be executed by the amateur with the machine icpicBentcd 
on that page, aided by the simple additions described Ihe 
remainder of the chapter refers to larger sawing maclunei}, 
principally used by manufactureis 
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SECT VI — COMMON APPLICATIONS OE CIRCULAR SAWS 
TO LARGE WORKS 

In the present section it is proposed to desciibe the principal 
points of construction in large circular sawing benches, such as 
aie in general diiven by steam power and used foi \arious 
manufactuung purposes Some remarks aie fii st offered on the 
conditions and proportions of the ciiculai saws themselves, and 
the subsequent matter is arianged under the sub di\isions 
employed in the last section and enumerated on page 752 
1 Conditions andp oportions of cii cnlm saws — It appeals to 
be line illed foi to enter into- particulars on the manufacture of 
( 11 cular saws especially after the remaiks already offered (pages 
683 — 698 of this Volume,) on the modesof constructing sharpen 
ing and setting rectilinear saws, as the methods are nearly 
similar ioi both kinds, and some remaiks on the cii cular saw in 
particulai, aie given on the fiist and last of the pages quoted 
As regards the methods of hammeiiiig and blocking circular 
saws, to give them the right degiee of flatness and tension, a 
point of consideiable importance, the reader is referred to the 
section ‘ On the principles and practice of flxttemng thin plates 
of metal with the hammer, (vol i ,p 414 — 122 ) ind paiticulaily 
to the remaik, (p 419 — 20 ) on the propriety of keeping the edge 
of the saw ‘ lathei tight or small prior to its being set to work 
So that the heat communicated to the edge in the course of 
work may by sto etching the edge, render the blade tense alike 
throughout , whereas had the saw been at first rather large or 
loose on the edge, the expansion at that part would render it 
so loose or flaccid on the edge, as to cause it to vibrate when 
at work, which is a great disadvantage 

The teeth of both circular and rectilinear saws have been 
considered at some length, both as regards then outlines, (pages 
683 — 687,)andin respect to the inodes of sharpening and setting 
them (pages 688 — 698), but on the whole it may be said that the 
teeth of circular saws are more distant y more inchnedy and more 
set, than those of rectilinear saws 

1 he teeth of circular saws are more distant than those of straight 
saws, because their greater velocity causes the teeth to follow in 
such rapid succession, that then effect is almost continuous, the 
distance IS c 111 led to the extreme in Ml R Eastman s circular saw, 
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(2 ) SiNao Plaths bb viliiEP oh the Fd ou ^ 

"Generally called Bevilled Sws and used for Yenoois 
The largest medium and smallest of the ordinary si^es alono are given 


Diameter 

WiiUiof 
B evils 

Gage of 1 
PUte 

Cage of 
Edge 

Form of 
Tooth 

Space of 
Tooth 

Hovfl nor 
Minute 

IlotMtH 

1 uww 

8 inches 

2 to 3 in 

12 to 15 

22 to 28 

644 or 645 

J- to i m 

1200 


■>0 

3 5 

10 13 

20 25 


1 1 

800 

1 

36 

4 6 

8 11 

,18 22 


i i 

550 

2 
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Gencrally”^llcd Segment oi Vcnoei Saws xnd used % VenoorB xnd Him Wood 
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Benc^i paws below about one foot diameter are usually mcmtited on spmdhw 
running on conical steel centors and diiviii by catgut binds those above emo 
foot on spindles running in cylindrical briss be ixings ind dnvoji by Icutljt t «ti ipfj 
Compared with the diameter of the saw and spoaking generally the hole m 
may he considered to measnie fiom J to /, jiait of the diamotor that of tht^ llaiigo 
of the spindle from | to ^ pai t of the diameter of the pulley for lc% ithor »t \ ipM 
xbout J and for the catgut ^ the diametei of the saw 
Ihe velocity of the edge of the saw vanes fiom about 4500 foe t to 5000 Uh t |h i 
minute and the greatest thickness of work done can scarcely extiood ^ the diiiim tc i 
f)f the saw and is generally below i the diameter 
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witli only eiglit sectional teeth (see fig 791, p 797) The 
teeth of circular saws are more inclined, because such teeth cut 
more keenly, and the additional power they require is leadily 
applied by the great velocity and momentuin that may be 
given to circular saws Ihe teeth of circular saws are moieset, 
to make a wider keif, which is required, because the large 
ciicular plate can neither be made nor retained, so true as the 
nariow straight blade The genei il proportions of circular saws 
are given in the annexed table 

It IS generally politic, to use for any given work, a saw of as 
small diameter as circumstances will faiily allow as the resist 
ance the surface friction and also the waste from the thickness, 
rapidly increase with the diameter of the saw But on the other 
hand, if the saw is so small as to be nearly or quite buried m the 
work the saw plate becomes heated the free escape of the dust 
IS prevented, and the rapidity of the sawing is diminished 

Hassenfiatz, Emy and other French writers on carpentry, 
have described the mode of cutting thick logs of timber, as in 
fig 782, by means of two comparatively small saws each extend 
ing alone to the centei of the log The saws aie inthe same plane, 
but one above and the other bolow the log, and a little removed 
to avoid the contact of then teeth, but from the leasons above 
stated, and some others, the plan is but rarely if at all adopted 


Figs 782 783 



Under most circumstances, it is best to employ that part of 
the saw which is nearest to the center, and it ma} be stated 
generally that, as in fig 783, the diameter of saw s, should 
be about four times the average thickness of the wood w, and 
tint the flange on the spindle, should be as nearly as prac 
ticable flush with the saw table or platform jpp 

In addition to various other particulars in the table on circular 
saws in attempt his been made to tabulate the velocities pioper 
foi diftcient saws and the amount of power seveially required, 
but these numbers must be jcccived with some latitude, because 
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they aie very much influenced by accident il ciicumstances 
Amongst these are the paiticular quality of the wood oi other 
material, as to its hardness and giain, its greater or less freedom 
from moistuie, oi from gummy or lesinous matters also its 
magnitude, and the degree of smoothness desiied in the surfaces 
left by the saw all these circumstances demand certain variations 
in the proportions and conditions of the saws used A few words 
will be theiefore added lespecting each of these conditions 
The hmder the wood, the smaller and moie upright should be 
the teeth, and the less the velocity of the saw , hence it follows 
that the rate of sawing is proportionally slow 

In cutting with the gram or lengthways through the fibres 
the teeth should be coarse and inclined, and the speed moderate, 
so as lather to cut the removed wood into shreds than to grind 
it into powder , as the more minute the sawdust, the greater 
the power that must be expended in its production 

In cutting across the gram, the teeth should be finer and 
more upright, and the velocity should be greater than m the 
last case so that each fibre of the wood may be cut by the 
passage of some few of the con&ecuti\e teeth, “rather than be 
torn asunder by one tooth only 

Wet wood IS softer than d'iy, and is therefore more easily cut, 
but the saw is required to be keener and more coarsely set , the 
waste IS consequently greater 

For gummy or 'lesmous materials, and for ivo'iy, the saw teeth 
are required to be very keen, and the velocity comparatively 
slow, to avoid the dust becoming softened and rendered adhesive, 
as it will then stick to the blade Ihis disposition is lessened 
by lubricating the saw either with a tallow candle, solid tallow, 
laid, or oil applied with a brush 

■When the object is to get through as much work as possible, 
the rapidity with which the wood is then advanced, will pi event 
regularity in its progress, and consequently likewise in the saw 
marks on the wood The saw is then liable to be overloaded , 
if so it vibrates rapidly sideways with great noise, requires 
greater force, but nevertheless proceeds through the wood 
slowly and leaves it full of coarse ripple marks 

Smooth sawing requires the work to be regularly advanced 
towards the saw, and the latter must be keen and very uniformly 
set, as one tooth projecting beyond the general line, is sufficient 
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to score or scratch the woik It is a proof that the saw was m 
most excellent order and well applied, when the portion cut in 
every revolution of the saw, cannot he detected by the corre 
spending marks left on the wood or othei material 

2 Sj^indlesfoi c^? cular satm exceeding about one foot diameter 
— Saws of this magnitude aie seldom used on spindles mounted 
between pointed centers as represented on page 754 baton 
those resembling the sections figs 784 and 785 These spindles 
revolve in bearings or brasses b b, made in halves, and securely 
united to the stationaiy framework of the saw bench The end 
play, or end long motion of the spindle, is usually prevented 
alone by the two collars or piojections c c, which embrace the 
one bearing, sometimes, however, the one collar o', fig 785, is 
screwed on the spindle to admit of adjustment, and has a side 
screw to retain its position , or else the collar c\ is in the solid, 
as usual, and a fixed screw s exterior to the pullej , is made to 
bear on the end of the spindle 

Each spindle has a wooden or non pulley of about one third 
the diameter of the saw for the driving strap, but in mills driven 
by power a fast and a loose pulley of equal diameter are placed 
on each spindle, as in fig 786, so that the spindle may be dis 
connected with the engine by throwing the strap on the loose^ 
free, or live pulley 



Saws below about 20 inches diameter, are commonly held like 
those previously described, between the flat surfaces of the collar 
01 piojection o, that is forged in the solid with the spindle, and 
the surface of the loose collar or washer w, is in fig 784 , one 



788 BENCHES^ PLATEOEMS AND STOPS, POE 

steady pm then suffices, and which is fixed near the peiiphery 
of the flange Large saws require flanges say from 5 to 10 
inches diameter, and which aie then added to the spindle, as m 
fig 785, the one is fixed by a feather oi parallel key and car 
lies thiee steady pins all the steady pins are represented black 
in the figures 

The loose flange is sometimes piessed up by onl} one screwed 
nut n, but it is preferable to have two, of different threads, that 
the second may prevent the firstfrombemgaccidentally loosened , 
as the two then unwind at different rates and check each other^s 
motion Either the one nut is right and the other left handed 
as in Collinge s patent axletrees or else both nuts have right 
handed threads which differ in pitch as well as diameter 


S Benches and ‘platforms for large circular saivs — These are 
m general flamed together very strongly in wood, in the ordi 
nary manner of carpentry, they measme from about 4 to 12 
feet long 2^ to 4 feet wide, and 2} to 3 feet high I he bear 
mgs for the saw are placed close beneath the platform, and at 
about the middle of its length , the central pait of the bench is 
represented m plan in fig 786 

To arrive at the saw spindle for the purpose of changing the 
saw, there is frequently inlaid in the platform a rectangular 
frame of cast iron with a rebate on the inner edge, fitted with a 
loose iron panel in two pieces to form the cleft for the saw The 
panel is supposed to be removed to show the nuts and stops for 
the saw, and before the saw can be changed it is also needful 
to lift out the wooden bar, which lies across the end of the 
spindle and against the saw the bar is added for the purpose 
of carrying the stops s s, to be explained 

Sometimes the bench is neaily coveied vith plates of non to 
lessen the friction of the timber upon it and in benches foi 
heavy woik, the half of the platfoim m front of the saw is occa 
sionally made as a slide, with a rack, pinion £^nd winch handle, 
by which it is moved endlong The woik is in such casts placed 
against a ledge or cioss piece on the slide, and is earned to the 
saw with gieat facility A few saw benches for some specific 
kinds of work, are constructed entirely in non 


4 Stojjs to prevent the vibration of large saivs — These are in 
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many cases inlaid in the wooden bed of the machine, beneath 
the iron plate by which access is obtained to the saw, as shown 
in fig 786 The two grooves s s, nearest the peiiphery of the 
saw are m some instances each entirely filled with a block of 
hard wood, kept m position by the top plate, and set forwaid 
fiom time to time by pieces of card or veneer placed behind 
them to compensate for the portion worn away by the saw At 
othei times, the giooves aie fitted with blocks of wood or metal 
which have mortises for fixing sciews, as shown on a larger 
scale at / s these admit of adjustment and fixition Sciewed 
holes are also used, especially m thf‘ iron framings, cylindrical 
wooden plugs trom f to f inch diameter are then sciewed into 
the holes and set forward to meet the saw 



Large saw machines have sometimes wedge foim pockets 
beside the saw plate, which are filled with greasy hemp , the 
downward motion of the saw cariies the hemp into the narrow 
pait of the pocket, and pressing it against the saw checks the 
vibration This method, although it causes more friction is 
nevertheless much approved of as the elasticity of the packing 
enables the saw to be at all times closely giipped , which on 
account of its small nregulaiitics cannot be the case when iigid 
metallic oi wood stops are used but hemp is less suitable than 
wood for small saws Frequently the stops aie applied to both 
the front and back edges of large saws, as shown in the figure 
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6 ParalUl Omies nrcvhr TT'^'‘LMi ulem'* 
mosUy adW ”■« >«> ““ 

m^ec'Z of fig rse Th, punc.ple reqmres tl.at .ho f». 
centeis of the p uallel rule should constitute the four of a 

parallelogiam, or that the four sides should be exactly two pairs 
with which view the two radius bars are clamped togetliei and 
drilled as a solid hai and so likewise are the long bais Un ess 
the centers or pms fit accurately it will be found that when 
the bars he very obliquely, that the front bai oi fe nce will 
have a rolling motion, as on a center, instead of being fiiin and 

parallel ^ in 

In some few cases the long metal bars are dispensed ^Mth, 

iron ears or plates, for two of the centeis aie then fixed to tho 
wooden fence or rail and the back centers are similaily attac bed 
to the platform itself, through which a circular moitise, paialkl 
with the paths of the radius bars, is sometimes made ioi the 
clamping sciew that fixes the rule It is, howevei, bcttci the 
rule should he constructed as in the figure 78G, and (imtcindo 


pendently of the platform, to admit of ready detachment The 
long back rod is then essential, and also a fixing bai, placed as 
a chord to the arc desciibed by the radius bars, and retained by 
a screw and nut passing through a moitise in the bar 

In the above construction, the long fence moves m an are, 
like those described by the radius bars, and shown by the doiii d 
lines, but the three bar parallel rule is sometimes (mpl(>}(d, 
because it may be opened in a r'lght hue and the it foie moves 
simply sideways to the saw its path is diieetccl by a pin in the 
long bar oi fence, which enteis a straight gioove made traim 
veisely in the platform The constiuction of tho tliuc hai 
parallel lule is neaily a duplication of the foimei, and as it is 
eq^ually impoitant that the centers of the similai paits Hhonld 
he equidistant the four radius bais are diilkd togethci, to 
ensure their similitude, and so are also the three long bats 
In the two and three bar parallel rules, two slit clamping bais 
are occasionally used, which entirely rostiain any wiiggle, as 
they secuie both ends of the fence, the papenchcuUi height 
of which vanes from two to ten inches, accoulmg to the natiuo 
of the work to be sawn 
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6 Sawing the sides of i ectangular ^pieces — ^In botli small and 
lirge sawing madimes, the woik is applied much m the same 
manner , but in saw mills two individuals are commonly em- 
ployed, one to hand up and thrust forward the work, and another 
to assist by dragging and afterwaids removing the work from the 
bench When the pieces aie short, the person who pulls com 
monly uses a tomahaiok, which is like the half of a small pickaxe, 
the point of which is struck into the wood to serve as a handle 

When a log or round piece of wood is applied by the hands 
alone to the ciicular saw, it is difficult to get the first cut exactly 
true, as the wood is apt to roll on the two or thiee points at 
which it may touch the platform , but when the saw has pene 
trated a little way, the blade itself materially assists the holding 
of the work One cut having been made the flat side is placed 
downwards, and a second cut is made from either of the edges, 
and provided the fiist side is model ately true, the second vill 
become at right angles to the first the third and fourth sides 
will be found to present no difficulty 

As a ready means of adapting the parallel guide to works of 
different widths, a parallel piece of wood is often placed along 
side the object to be sawn Thus m cutting the blocks for 
wood-paving, the round larch timber is first cut into pieces 
about 3 feet G inches long and these are fur the most pait, 
sawn into pieces six inches squaie but should any of them fail 
to hold that size, a parallel board half an inch thick, is placed 
alongside the work, which is then reduced to the next following 
size, or inches square And in the same manner pieces of 
two dimensions, as of 2 by 1 inch in section, are in some cases 
cut by setting the parallel rule to 2 inches, and packing the 
work the thin way, with a piece 1 inch thick * 


* In reality tlie standard size of tlie squared timber for the blocks of the 
Metropolitan Wood Paving Company, is SJby 6 inches hut the round lo^s aie 
cut as laige as they will respectively hold the one measure being always half an 
inch more than the other The wood is used very soon after it is felled and m 
so wet that the men find it needful to suspend a board over the sw and at right 
angles to it this arrests the saw dust which if allowed to drive against tho 
attendant soon wets him to the skin 

In some woodcutting processes a scieen of wire gauze is placed between the 
woik and the workman that he may be enabled closely to watch the operation 
without risk of the sha\ mgs entering his eyes 
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SECT vn — LESS COMMON OR 


SPEOiriC ArPIIOAlIONS 01 


OIECULAB SAWS TO LARGE WORKS 

It maybe coas.dered that m the tat section, the lOtnarl s on 
tbs slinctare and use of the ottculu sew bench were co,, eluded 
so fei as couccins its ordutarj- .ppUcitton to tho , onvcision 0 
timber into scantling, or squaied pieces o various sizes u 
It stiU remains to notice, in ooiitmuation some of the misulla 
neons and large applications of ciiculai saws, w uch so fai as 
admissible will be introduced in the ordei foimerly adopted, as 
the subdivisions 7, 8 9, and 10, will be repeated, to which will 
be added tbe sawing of curvilinear woiks, and some othei less 
classifiable matters 

Paitof the contiiYances for these woiks, are meid} additiouH 
to tbe oidinary saw beRch others aie maelnncs expicssly con 
stmeted for their respective purposes , but to save uuiiec( ssaiy 
subdivisioB they will be collectively and bricfl} noticed, as the 
principles rather than the mechanical details will be advanced, 
together with references to such published desciiptions of them 
as have come under the autlior^s notice TLwo contiivanccs foi 
obtaining an accurate base to woik from in pieces not onginally 
straight, will be first refeired to 

The late Mi Smart, in obtaining the fii st true side in irregiilai 
pieces three or four feet long, intended for the staves of casks, 
attached the pieces to an external fence or guide The w()t>d 
was giasped by its extremities, somewhat as between the c( utt is 
of a lathe m a kind of trough made of two boaids milled at 
right angles one end of the trough had a solid bloc k of wood, 
that could be fixed at vaiiable distances the othci end had an 
lion bar, roughened at its extremity, and bi ought up bj aiiulc 
and pinion so as to stick into the ends of the wood, the giasp 
being secured by a ratchet 

The trough was considerably longei than the length of the 
wood to he sawn and two studs projected fiom its extrenuiics 
beyond the side of the work These prD]cctiOBS weio made 
to rub against the face of the parallel lule, and avoiding tho 
saw, to direct the cut exactly m a light line, and produce, 
on the irregular wood one flat suiface that might seive as 
the base for the subsequent operations * Tho same end is 

* See Trans Soc of Arts Vol 47, plato 8 
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differently obtained, and on larger pieces of timber, in the 
following method 

In the Eavensbourne vood cutting mills at Deptford, battens 
10 or 12 feet long, and intended to be sawn and planed for 
flooring hoards aie grasped by their upper and lowei edges and 
without strain by screw teeth oi dogs built out from a carnage 
which runs in V bearings the slide is carried by a self acting 
rack and pinion movement, past a circular saw revolving in a 
vertical plane, which skims the side of the batten and leaves it 
as stiaight as the V slide itself Ihe traversing carnage oi drag 
of this machine, is closely analogous to that of the veneer saw 
to be hereafter noticed 


7 Sawing gi ooves rebates^ and tenons — These works may be 
accomplished in the large wa}, in the naodes already desciibed 
on page 761 The flooring boards of the warehouses in the St 
Katheiine s Docks London, weie giooved on each edge upon 
an ordinaiy saw bench, for the reception of strips of hoop iron 
used as tongues to prevent dust falling thiough the joints and 
the flames for doois are occasionally grooved for the panels in the 
same manner, but with thick saws The still wider rectangular 
gi ooves m the blocks for wood pivement are cut out with 
two ordinaiy saws on the same spindle having tvo oi more 
intermediate chisels, to cut the bulk of the removed wood into 
chips 

ihe mortises m the shells of ships blocks, for the leception 
of the sheaves are cut by small double ciicular saws a hole is 
first bored through the shell at each end of the mortise, and the 
saws are then made to penetrate fiom each side, and nearly 
complete the mortise, in a less expensive manner than with the 
mortising engines in Portsmouth Dockyaid 

The squares or tenons of the steel pins for harps, by which the 
strings are tuned, are also cut by means of two thick saws, sepa 
rated to the extent of the side of the square , the pm is presented 
twice to the saws the second position being at light angles to 
the first The equality in size of the squares is also ensured by 
this method, so that they all fit the same tuning key 

Debates may of course be cut upon the oidmaiy saw bench 
at two processes, as befoie explained, but they aie also made by 
two saws mounted on separate spindles, and pK( ed in the exact 

^ E 
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directions of the two cuts required , one saw spindle is a little 
before the other, to avoid the contact of the teeth The angular 
grooves or rebates in the blocks for wood pavement, are thus 
made at one operation, in a machine with two saws at right 
angles to each other 

The combination of two saw spindles was first employed by 
the late Mr Smart in cutting the tenons for the construction 
of his patent hollow mast The small pieces of wood were first 
squared on all sides to the proper measures, each small block 
was then rebated, first on the one angle, it was then turned over, 
and the formation of the second rebate completed the tenon 
Another part of the same machine earned a mandrel and center 
bit, BO that by the aid of a guide, the holes in the tenons could 
be also made exactly true and alike * 

Two saws mounted on the same spindle aie used in cutting the 
teeth of combs, which may be considered a species of grooving 
process One saw is in this case larger in diameter than the 
other, and cuts one tooth to its full depth, whilst the smaller saw 
separated by a washer as thick as the required teeth, cuts the 
succeeding tooth part way down, on the same principle as in the 
stadda, and rack saws figs 703 to 706, page 733 

A few years hack, Messrs Pow and Lyne invented an inge 
nious machine for sawing box wood and ivory combs The 
plate of ivory or box wood, is fixed in a clamp suspended on two 
pivots parallel with the saw spindle, which has only one saw By 
the revolution of the handle, a cam first depresses the ivoiy on 
the revolving saw, cuts one notch, and quickly raises it agam , 
the handle in completing its ciicuit, shifts the slide that carries 
the suspended clamp to the right, by means of a sciew and 
ratchet movement The teeth are cut with great exactness, and 
as quickly as the handle can be turned, they vary from about 
30 to 80 teeth in the inch, and such is the delicacy of some of 
the saws, that even 100 teeth may be cut in one inch of ivory 
the saw runs through a cleft in a small piece of ivory, fixed ver 
tically and radiaUy to the saw, to act as the ordinary stops, and 
prevent its flexure or displacement sideways Two combs are 
usually laid one over the other and cut at once , occasionally the 
machine has two saws, and cuts four combs at once 


^ See Gi egory s Mechanxcs, 1807, vol ii page 328 plate 26 
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8 Sawing or aoss cutting the ends of fieces^ either squaie oi 
hevilled or those m lohich the angular variations ai e in the hon 
zontal plane — The saw bench is not much employed in. cross 
cutting the ends of long timber for the geneial purposes of 
carpentry , but shoit pieces are sometimes guided to the saw, as 
in the small machines, by the intervention of either a wooden 
scjuare oi bevil, the one edge of which rests against the paiallel 
rule, the othei thrusts foiwaid the woik In cutting the sqiiaie 
scantling for wood pavement into oblique prisms, a wooden 
slide IS sometimes added to the saw -bench, with a trough exactly 
at the lequired angle, and in this case, as well as the last, the 
parallel rule serves as the guide for the length of the blocks 
The Metiopohtan Wood Paving Company employ for tins pur 
pose an iron machine which has a slide running in V beaimgs 
or angular grooves, planed in the bed of the machine and parallel 
with the saw the cast iron slide is constructed to serve as the 
inclined trough to leceive the squared wood, and as an adjust 
able stop to determine the length of the blocks * 

Ihe three following diagrams are intended to show the prin 
ciples of different ciiculai saw machines foi cross cutting the 
wood IS shaded in each of the examples, and the arrows denote 
the movements for following up the cuts of the revolving saws 
In cross cutting the round logs of lignum vitse for the sheaves 
of ship blocks Messrs Esdailes use a wooden saw bench, the 
sliding platform of which is inclined and has at its lower end a 
perpendicular lail, as in fig 787 The log of wood is laid in the 
nook, and the entire platform is then tin us t by the hands past 
the saw which revolves on a fixed axis as usual, and thus the 
log IS sliced into pieces their thickness being determined by a 
wooden stop , but it is necessaiy, in this machine, that the saw 
should have rather moie than twice the diameter of the log 
In the block machineiy at Portsmouth a somewhat elaborate 
machine is used for the same purpose, which is so constructed 
that the saw s, need only be large enough to penetrate to the 

* The angle specified m the Count de Ldes s Patent is 63 26 6 every block is 
afterwards chamfered on three edges grooved on the face and drilled with foui 
holes for the dowels in appropriate machines neaily the whole of which are con 
structed in iron and driven by two steam engines each of twelve horses power 
The thirteen various machines aie managed by sixteen men and fifteen boys and 
in one week of seventy two working houis produce on the average 80 000 blocks 
or 800 squaie yaids of paving 


3 r ^ 
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center of the log, as explained m fig 788 A short log of 
ligmim vitse is mounted on a kind of lathe mandrel , the saw 
spindle IS then trayersed sideways until the teeth cut to the center 
of the wood and the mandrel is afterwards rotated once on its 
axis by a wheel and pinion, to extend the cut aiound the log 
One slice having been removed, the saw is withdrawn sideways 
to the dotted position s', and the mandrel and wood are set for 
ward through the collars, as much as the thickness of the sheave, 
by a screw at the back of the mandrel, prepaiatoiy to the next 
slice being removed 


Figs 787 



788 789 



Another cross cutting machine, after the manner of fig 789, 
and also contrived with a view of using a saw for work of noaily 
its own diameter, is used at Portsmouth, for cross cutting the 
butts of round elm timber, into short pieces used for the wooden 
shells of the blocks In this latter case, the timber is fixed hori 
zontally and immoveably, and the saw is carried in one plane, fiist 
down the one side of the timber and then the other To accom 
plish this the saw spindle is mounted at the end of a double 
swing flame, near the centers of which are placed guide pulleys, 
for the strap that connects the saw with the steam engine The 
parts of the wooden swing frame, are double and strongly braced 
with iron bars, and the angulai movements of the fiamc aie 
governed by racks and pinions, but the various details aie alto 
gether omitted in the diagram ^ 

9 Sawing hevilled edges and ismatic jneces , those works in 
which the angular variations are in the veo tieal plane — The most 

The two naachines figs 788 and 789 woie invented by Mr (now Sir M 1 ) 
Brunei and are fully described and figured m Boob s Cyclopotdia article ‘^Ma 
chinery for Manufacturing Ships Blocks and also in Fncycl Mctiop pait 
Manufactures, articles 538 and 535 
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simple and usual method of accomplishing this class of work, is 
by the employment of oblique supplementary beds, as explained 
m fig 748, page 768, the hexagonal blocks for wood paying 
have been cut on the common saw bench, precisely in the mode 
there described for small hexagonal and other prisms indeed, 
the whole of the remarks already given on bevilled or prismatic 
works, are applicable alike to the small saw machines and the 
full sized saw benches 

In the sawing machine invented by Mr Robert Eastman, of 
America, for cutting feather edged or weather boards, &c , (as m 
fig 790 ) the round log of timber is held horizontally, between 
centers inserted in the end of a long rectangular frame oi 
carriage, which has rollers that run on fixed bars or rails The 
round timber is placed above the revolving saw, which makes a 
vertical and radial incision into the timber , the slide then runs 
quickly back, and the wood is afterwards shifted on its axis 
for a new cut, by means of a dividing plate and appropriate 
mechanism The machine is automatic, or self acting, so that, 
the primary adjustments having been first made, the entire tree 
is cut into radial feathei edged boards without further atten 
tion The rough exterior edges of the board aie also cut away 
hj sappers, or chisels c, screwed near the center of the saw plate, 
which cut away the sap or waste wood, and reduce the tree to 
the cylindrical form , sometimes, if the tree is large, two senes 
of radial boards are cut 



The account further states that ordinary steel saws, toothed 
all round as usual, were found to heat and choke when thus em 
ployed, on account of their being so deeply buried in the wood 
the inventor, therefore, contrived what he termed sectional teeth, 
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shown in fig 791 An iron plate of one eighth, of an inch thick 
had four dovetail notches fitted with four pieces of steel, ^each of 
which constituted two teeth in the foim of the “hawk’s bill, 
the paucity of teeth was compensated for by giving the spindle 
a velocity of 1000 to 1100 turns per minute, and the saw is said 
to have penetrated with facility eight inches deep into white 
Canada oak The radial hoards are described to be, (as explained 
in the former volume,) much less liable to split in shrinking than 
those cut out in the ordinary way * 

A mode, somewhat resembling the above, for cutting hexago 
nal blocks for wood pavement, has been recently pioposed by 
Messis Eandolph, Elliot, A Co , of Glasgow, and is illustrated 
by fig 793 In this case, two saws are employed on the same 
horizontal spindle, and the headstocks, which are of iron and just 
like those of a lathe, pass exactly between and beneath the saws, 
which thus produce two parallel cuts at once The round timber 
being shifted twice and one third of the circle each time, becomes 
an exact hexagonal prism thiee or four feet long, and is after 
wards cross cut into the proper lengths I* 

Professor Willis was in the habit of using the circular saw for 

blocking out Gothic and other mould 
mgs, for the illustration of architcc 
tural science For example, if in the 
moulding, fig 793, the several cuts 
are made that are denoted by the 
surrounding lines the fillet and chain 
fers are definitively pioduced, and 
the maigms of the curvilinear parts 
are accuiately blocked out or defined, 
so that the mouldings may be easily 
and faithfully finished by moulding 
planes 

The wood in such cases, is marked atone end with the sectional 
and formation lines, as in the figure, and then mounted between 
centers in a species of lathe, with a dividing plate, so that the 
hue a, first becomes horizontal The saw, which is also horizontal, 



* The full description of this machine with figures is transcribed from Pro 
fessor SiUimans American Journal of Science and Art into Gills Technological 
Repository 1822 vol u page 217 

t Practical Mechamc and Engineer s Magazmo Ghsgow 1848, p 07 
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IS attached to a kind of slide rest, with three adjustments , a 
vertical and a lateral adjustment, to adapt the saw also to the 
line and a longitudinal adjustment, by which the saw is then 
traversed the entire length of the moulding The work is then 
adjusted on its axis by the dividing plate until h becomes 
horizontal and the saw having been as before adjusted to &, is 
swept the length of the moulding, and the two incisions remove 
the angle of the square block The cuts c and d similarly treated, 
lemove another portion of the wood that is in excess, and so on 
to the end all the cuts thus made become strictly parallel, or 
in prismatic relation to one another 

When the mouldings run on to a chamfered base or plinth, 
which commonly occurs in Gothic architecture, the plinth is 
first of all removed by a transverse and oblique incision of the 
saw, after which the mouldings are made, and finally the removed 
plinth IS replaced without alteration, and the work is complete 

10 Saioing works, %n winch the angular variations are %n both 
the horizontal and vertical planes — All the observations and 
instiuctions given in the former and corresponding subdivision, 
are in truth applicable to large saw benches but the machine 
now to be described is more suitable to large works of this class 

In Mr Donkin s saw bench, fig 794, the half of the platform 
111 front of the saw is hinged like the flap of a table and has 
quadrants, somewhat after the manner of the sketch, by which 
it may be fixed for cutting any bevils within its range The 
parallel rule is available for setting out the widths of the works 
and the saw is mounted upon a swing frame of cast iron, shown 
separately m fig 795 So that the quantity the saw projects 
through the table, as for sawing rebates, can be regulated by a 
cam c, upon which the one end of the swmg frame rests 

In cutting small bevilled works, such as those for the wooden 
cogs of cast iron mortise wheels, and various othei pieces, Mr 
Donkin employs a supplementary carriage, running upon three 
lion rollers and guided by the hands against the parallel rule 
An idea of the carnage is also convened by fig 794 It is made 
in cast iron, and rectangular, but deficient of the half of the 
lower side , and cariies a centei screw, a dog or prong chuck 
and \ dividing plate, much as in a lathe , but the axis of these 
pirts, although sometimes hoiizontal, is geneially vertical 
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The small pieces of wood are cut out square as usual, hut 
somewhat too large they are then grasped between the dog 
and center screw If the pieces are parallel or pnsmaUc the 
saw table remains horizontal 'is usual, if the pieces are taper or 
pyiamidal, the table is inclined, and which throws the guiding 
carnage to any le quire d obliquity The parallel rule is next 
adjusted to enable the saw to cut the fiist side and should the 
object have four, six or more sides, the dividing plate is bi ought 
into requisition, for giving the foui or more angular positions 
The paiallel rule determines the respective distances of each 
side from the axis on which the woik is shifted 




In this ingenious manner, by the changing of the horizontal 
and vertical angles by the adjustment of the parallel rule, and 
by the projection of the saw thiough the platform, almost any 
piece, having plane surfaces may be sawn, and the setting once 
adjusted, an unlimited number of similar pieces maybe produced 
as it IS only necessary to make the first cut, throughout eveiy 
piece of the entire number, then the second cut throughout the 
whole, the third and so on This is accomplished by leaving 
every adjustment undisturbed whilst the first cut is lepeated 
throughout all the pieces, except the removal of the one block 
of wood from between the centers and the insertion of the next, 
and so on with each of the succeeding cuts The indentations 
made by the center sciew and dog ensure the similitude of 
position thioughout the entire operation 

11 Sawing Curvilinear Woiks — The trephine saw used in 
surgery, and lepresented neaily full size in fig 796 appears to 
have been by far the eaihest of the circuki saws of this kind 
It consists of a thin tube of steel, with teeth cut on the edge, 
of the peculiar form represented, and at the opposite end of the 
tube IS fixed, by small side screws, the stem by which it is 
attached to the meclidmsm wheicby it is woiked 
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The motiYe apparatus of the trephine saw, is usually a cross 
handle like that of a corkscrew, or a revolving brace like that 
used m carpentry To guide the first entry of the trephine 
saw, the shaft is drilled and fitted with a drill point p p, which 
IS fixed by a side screw s In the commencement, the point 
makes a small central hole and when the saw has once fairly 
penetrated the point is loosened and allowed to fall hack into 
the stem of the saw 

111 another modification the center of the trephine saw is dis 
pensed with, as the guide principle’’ is effectually introduced 
The saw is fixed at the one extremity of a cylindrical stem, 
which at the other has a winch handle , the stem works freely 
in a vertical tube or socket with three legs constituting a tripod 
stand, therefore the axis is kept steady and vertical by the left 
hand , and whilst the teeth fulfil their office, the saw advances 
through its fixed collar by the pressure of the right hand, with 
which the winch handle is turned * 


* Pile art of surgery kaa given rise to an enoimons variety of instruments a 
most complete collection of tlie representation of ■whicli botli of tlie earliest and 
latest time'll was published byA W H Seeng m a work entitled A 
OhvrwogiGum oder moglicMte mllstmdige Sammlmg von Albildimcien cJiii w gischef 
Instmmnte alterer v/nd Tieueur Aeit The work contains 145 large and crowded 
lithographic plates and was published at Breslau in 1 835 

It appears fiom plate 75 of this collection that the trephine saw was known in 
the time of Hippocrates and that both the blades and the mechaiaism for moving 
them have since assumed numerous varieties of form 

The amputating saws set forth in this work as having been contiived or used by 
var ous eminent surgeons are modifications of the bow frame, and piercing saws 
for metal and the tenon and dovetail saws for wood they vary from about 14 to 
4 inches m length Some of the small saws analogous to the dovetail saw have 
edges more or less curved and the smallest of these dwindle down to a nearly 
circular plate of steel less than one inch in diameter sei rated around the edge 
except where a slender wire teinainating in a wooden handle is nvetted to the 
edge of the saw plate These last are known as Hey s saws and are principally 
used for the cranium and the metacaipal bones 
A saw intended for dividing deeply seated bones, is formed like the chain of a 
table clock but with the one edge serrated it is worked with two cross handles 
by the alternate motion of the two hands One of the handles is detached whilst 
the end of the chain saw is passed beneath the bone by a kind of semicircular 
needle The chain saw was invented by Dr Jeffiey of Glasgow 

A nearly similar chain saw is arranged as an endless hand passing around the 
grooved edge of a taper staff like the blade of a poniard but terminating in a small 
semicircle Tlieie are guaids to cover up poitions of the edge and a pi op oi 
sti lit to steady the instrument whilst the endless ohiin is put in motion by a winch 
hmdle attiched to a pm wheel around which also th< «hun on dilates This 
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The trephine saw has given rise to various larger applications 
of the same kind of instiument, having teeth of the ordinary 
form, and known as crown saws, annular, curv%hnear drum and 
even as washing tub saws, the respective merits of which names 
It would be useless to discuss Small saws of this kind, when 
mounted upon the lathe are often employed for cutting out 
disks of metal and wood the material is in general thrust against 
the saw, by a block of hardwood fitted to the front center of the 
lathe, and frequently, as in making buttons, the cutting out is 
combined with the shaping of the two faces of the button 



In the block machinery at Portsmouth the crown saw is used 
for rounding the sheaves, which are cut out of tiansverse slices 
of lignum vitse, the wood is held at rest by its margin whilst the 


singular instrument is ascribed to S Heme and is figured on plate 60 o£ Seerig s 
work wbicli also contams several sckemes for using small circular saws but some 
of the mechamcal arrangements are not clearly defined in the figures 

A circular saw proposed for cutting deeply seated bones and as an occasional 
substitute for the trephme saw was invented by Mr Thomas Machell of Durham 
surgeon and is accurately described in the Trans Soc of Arts for 1812 Vol xxx , 
page 150 In Mr Machell s saw the axis of rotation is consti noted within the thicJ 
ness of the blade so that two thirds the area of the circular saw may be depressed 
in the saw cut The saw is worked by a pm wheel the pins of which enter 
notches m the edge of the saw blade the pm wheel has teeth and is itself moved 
by a larger and more distant toothed wheel having a small winch handle 

The great difficulty encountered in almost all the surgical saws arises from the 
removed particles of bone becoming mixed with the fluids and forming a thick 
paste which clogs and nearly stops the action of the blades To remedy this 
inconvenience Mr Weiss suggested that slits terminating in round holes should 
be cut in the edges of such blades as admit of these receptacles being made — See 
Weiss on Surgical Instruments page 10 plate 18 and figure 796 in the text 
Small bones are now more frequently cut by strong nippeis than by saws and 
many nq^pers are drawn on Seerig s plate 134 
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revolving mandrel, which carries the crown saw and also a drill, 

IS advanced through its collars and rounds and bores the 
sheaves a at the one operation, ready for the coating engine, 
turning lathe, &c ^ 

Crown saws, as large as 5 feet diameter and 15 inches deep, 
consti acted somewhat after the manner of fig 797, are employed 
atMessis Esdailes sawmills Tliethieeor four pieces of steel 
then constituting the hoop, are rivetted to the outside of a strong 
ring, and very caiefully hammered, so that the plates exactly 
constitute one continuous cylinder, although the ends of the 
plates are not united, but simply make butt joints The rmg 
IS fixed to the surface chuck of a kind of lathe mandrel by 
means of hook bolts h, and the work is grasped in a slide rest, 
which traverses within the saw, and parallel with its axis 

The saws of about 2 feet diametei are used for cutting the 
round backs of brushes 6, and the larger saws are employed for 
felloes of wheels and similar curved woiks If the wood is 
applied obliquely, the piece also becomes oblique, in the manner 
explained by the diagram c which represents the sloping and 
hollowed back of a chair thus produced It is, however, much 
more usual to siw curvilinear works of the kinds referred to, 
with the felloe or pit turning saw (see page 707) the chair 
niakei s and wheelwright s saw (p 725), and the turning sweep 
oi bow saw (p 728), the applications of which have been already 
noticed at the pages lefoiied to See Note B, 0, p 1022 
Mr Tiotter proposed for curvilinear sawing, the employment 
of a saw plate s fig 798, which instead of being a flat plate, as 
usual, was dished as the segment of a large sphere The fence^, 
which was made as the arc of a circle had a conductor c, to 
receive the work w the circular fence was attached to a three 
bai parallel rule, so as always to keep the curvatures of the fence, 
conductor and saw, which were equal, tiuly parallel with each 
otlier The construction of the spherical saw blade is difidcult and 
its advantage questionable, especially as the edges of the pieces 
when left fiom the saw, would be cuivilmeai in width as well as 
length 01 part of a spherical surface, of the same ladius as the 
feaw Ibis form is seldom required in the ai ts, and its conversion 
into the simple aich like form with sq uare edges (proposed to be 

Rcess Cyclop'Ldii ait Machinery foi Manufacturing Ships Blocks — 
Lncyc Metropolitans Yol Mechanics ait 37t> 
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approached by inclining the work), would fully cancel the intended 
economy of the spherical saw, which is howevei cuiious, as one 
of the links m the chain of contrivances under consideration 
Much ingenuity has been displayed m cutting the cuivilmcai 
and bevilled edges of the staves of casks by ciicular saws Ihc 
late Sir John (then Mi ) Eobison, proposed many years back that 
the stave should be bent to its true curve against a curved bed, 
shown in two views in fig 799, and that whilst thus restrained 
its edges should be cut by tvo saws s s, placed as radii to the 
circle, the true direction of the joint, as shown by the dotted circle 
representing the head of the cask The principle is perfect, but 
the method has been found too troublesome for practice 


Figs 798 799 fiOO 



Mr Smart cut the edges of thin staves for small casks on the 
ordinary saw bench, by fixing the thin wood by two staples oi 
hooks to a curved block, fig 800, the lower face of which was 
bevilled to give the proper chamfer to the edges One edge having 
been cut the stave was released, changed end for end, and refixed 
against two pins which determined the position for cutting the 
second edge and made the staves of one common width The 
curved and bevilled block, was guided by two pins j) p, which 
entered a straight groove in the bench paiallcl with the saw 
This mode of bending was from various reasons found map 
plicable to large staves , and these were cut, as shown in thiec 
views mfig 801 whilst attached to a straight bod, the bottom of 
which was also bevilled to tilt the stave foi chamfering the edge 
To give the curve suitable to the edge, the two pins on the 
under side of the block then ran in two curved grooves g (j, in the 

* Trans Soc of Arts, 1806 Vol xxiv p 114 
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saw bench, which caused the staves to sweep past the saw in the 
arc of a very large circle, instead of in a right line, so that the 
ends were cut nai lower than the middle Mr Smart observes, 
that in staves cut whilst straight the edges become chamfered at 
the same angle throughout, which although theoretically wrong, 
IS sufficiently neai for practice , the error is avoided when the 
staves are cut whilst bent to their true curvature * 

SECT VIII — CIRCULAR SAWS AND MACHINERY FOB CUTTING 

VENEERS 

Valuable and beautiful woods are seldom used m the solid 
state for decorative furniture, but aie cut into veneers or thin 
plates, to be glued upon fabrics made of less expensive woods, an 
ait successfully piactised by the Romans, as formerly adveited 
to (Vol 1 , page 64) Until of late years the cutting of veneers 
was generally accomplished, either at the saw pit with very thin 
plates strained in the ordinary pit saw fiame (see Vol ii , page 
703), or by the cabinet maker with the smaller frame saw, 
(page 7 26) In this latter mode which is still much practised on 
the continent the wood is fixed peipendicularly, and the saw is 
also guided by two men Fxpeit pit sawyers could cut six 
veneers out of each inch of wood, and cabinet makers seven or 
eight from smaller pieces, but the difficulty of these methods 
rapidly increases with the size of the veneeis 

Small veneers for the backs of brushes and other works, have 
been split or planed from small pieces sq[uared to the respective 
sizes Pine, willow, and other woods, are planed into thick con 


* See the original paper Trans Soc of Arts Vol xlvii , pp 121 7 In the 
year 1833 Mr Samuel Hamilton took out a patent for certain machmeiy for 
sawing horing and manufacturing wood for various purposes such as hevilled 
timber for ship building tenon cheeks, felloes of wheels the circular rails of 
chair backs, chair legs and other works of the same description either square on 
the face or hevilled to any required angle or in any required radius oi diameter 
of a circle 

The specification is very complex but it maybe said briefly that the felloes are 
cut by a vertical reciprocating saw worked by a crank and the edge of the work 
IS guided either by a fixed circular fence or by radius bais for hevilled woiks 
the table of a similar machine is tilted to any angle For other classes of work 
the saw frame is jointed and may be brought down by a swing frame m the arc of 
a circle to penetrate to any assigned depth The work is grasped by numerous 
arrangements of parts that hold any successive number of pieces exactly m the 

same position —S'ce Newton Vol vii pi 
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tinuous shavings called scale boards, for making hat and bonnet 
boxes (Vol 11 , p 504) And of late years oak, when softened by 
steaming has been split into staves for casks (foot note, Vol i , 
page 32) All these processes are accomplished without waste of 
the mateiials, but they are only applicable to pieces of limited 
dimensions 

In 1806, Mr Brunei took out a patent foi splitting voneers, 
of considerable size, by means of a horizontal knife, the length 
of which exceeded the length of the block to be conveited 
The knife was composed of several pieces of steel, placed exactly 
in a line on then lower surfaces, but with edges faintly rounded 
and very keen The compound knife received a shoit recipio 
eating or sawing action and the block of mahogany or other wood 
was carried slowly sideways and beneath the knife by a stiong 
screw slide worked with a spoke wheel like that by which a 
ship IS steered After one veneei had been cut off, and tlio 
log brought back again to its first position, it was raised in exac t 
parallelism, by a system of two right and two left handed sciewb 
at the four angles of the frame, which were simultaneously moved 
with one winch handle, by aid of appropriate mechanism * 

This machine foi cutting or splitting wood into veneers, the 
precursor of the segment veneer saw is said to have answered 
moderately well with stiaight grained and phant woods, such as 
Honduras mahogany, but there were serious objections to its 
use for woods of iiregular, harsh, and brittle gram, such as 
rosewood, as the veneer curled up consideiably on lemoval, 
and the wood if harsh and brittle had a disposition to split and 
become pervious to the glue t This is to be regretted, as the 
splitting machine conveited the whole of the wood into veneei 
without waste, whereas the veneer saw, on the aveiage, cuts 
one third of the wood into saw dust 

As already explained, the ordinary ciiculai saw will not, m 
general, seive for work exceeding in thickness about one thud 
the diameter of the saw, and the largei the saw, the thicker it 
IS requiiedto be to give a proportionate degiee of stability 
These two conditions, joined to the impiacticability of obtammg 

* See the drawing and description in the Rep of Arts for 1810 Vol xvi , p 21)7 

t The Russian machine for cutting the entire tree into one spiral veneer (nee 
Vol 1 p 154 ) seems open to the same objection in legaid to biwtl© woods neither 
does it expose the most ornamental section of the tree 
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plates of steel exceeding some 4 or 5 feet diametei limit tlie 
application of tne circular saw under ordinary circumstances 
Butwlienthis instiumentis employed for veneers, advantage is 
taken of the pliancy of the thin leaf oi Yeneer, and the saw is con 
sequently made thick and strong towaids the centei,to give it the 
required stability, but towards the edge it is thinned awayalmost 
to a feather edge, as at s s, in the diagram, fig 803 Therefore 


j 

9 

Fig 802 

s 





the solid block of wood or ivory w, which is unyielding, can pass 
along the parallel guide g, and across the flat face of the saw s s, 
whilst the thin pliant veneer v, separates so much as to form an 
opening that admits the wedge formed edge of the blade, and the 
veneer proceeds along the conical back of the saw without frac 
ture or interruption, circumstances that would be impracticable 
were both parts of the mateiial when sawn, alike unyielding 

In the small application of this principle, as for sawing blocks 
of ivory into leaves foi miniatuies, and small square pieces of 
wood into veneeis for brushes and small works, the veneer saw 
is made as a single plate of steel, from 6 to 3C inches diameter 
In the large application of the principle, as for cutting logs of 
square or round wood mto veneers, the saw is composed of many 
segments or plates, and commonly varies from about 6 to 18 
feet diameter But as the segment saws are occasionally made 
as small as 30 mches diameter, the two kinds constitute an 
unbroken series, and their principal apphcations will now he 
described, beginning with the smallest 

The single plate veneer saw (desciibed m section 2 of the 
table, on page 784) is thick and paiallel at the center for about 
one half its diameter, the edge is ground away, as a cone, 
almost to a feather edge , at other times the edge is thin, and 
nearly parallel for about an inch, and is then gradually coned, 
making the section somewhat concave The edge is required to 
run exceedingly true, and the teeth must be sharp and very 
faintly set 
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Saws of SIX to ten inclies are sometimes used mmaclimes such 
as that shown on page 756 for very small pieces of ivory veneer 
and for slicing up wooden mosaic works but it is more usual to 
employ larger saws foi miniature leaves, say those from fifteen 
to twenty inches diameter, and consequently larger machines 
are also required which are driven either by a hand fly wheel 
or other motive power The piincipal variations between ■\ eneer 
saw benches, and those foi ordinary and thickei works is in the 
parallel guide, which for veneers is made fully as high as the 
width of the block to be sawn, by sciewing a parallel piece of 
wood or metal against the vertical face of the paiallel rule, and 
cutting it off in a circular arc exactly to agiee with the cuivature 
of the saw and without extending at all behind it In many 
cases the parallel guide is constiucted with a set screw, that it 
may be adjusted for distance very minutely, after which it is fixed 
as usual When, therefore, the block of ivory or wood is placed 
against the paiallel rule and pressed towards the saw by hand, 
the thin leaf bends away as cut from the block, or yields 
sufficiently to pass behind the saw without impediment 

In bevilled or ^ eneer saws for ivoiy, the teeth should be finer, 
and the rate of motion slower than for wood say, three fourths 
the speed, as when a considerable velocity is used the saw 
becomes heated and this, fiom the gelatinous nature of the 
material, causes the sawdust to adhere to it , the heat also 
tends to split the thin leaves of ivory These sources of mis 
chief are avoided by giving to the saw blade a subdued rate of 
motion, and keeping it moderately anointed with tallow or lard 

Some idea of the delicacy of veneer savs for ivory, will be 
given by the inspection of the annexed scale which shows the 
average numbers of veneers oi leaves cut fiom each solid inch 
of ivory — 

When the width of the ivory isl234567 inches 

Each inch of ivory IS cut into 30 27 24 22 20 18 16 leaves 

The leaves from 1 to 2 inches wide and 2 to 3 inches long, 
are used for memoi andum hooks, the larger sizes for miniature 
leaves, the lengths of which are about one third more than their 
widtns When scraped and prepared leady for the artist, the 
30, 27, or 16 leaves lespectively measuie about half an inch in 
total thickness, showing the waste in sawing and scraping to be 
equal to about one half the original material The leaves might 
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be cut still thinner, but this would be objectionable as regards 
then intended purposes 

The bevilled or veneer saws, when used for wood have 
greater diameter, coaiser teeth are used without grease, and 
at a higher velocity than for ivory, but the single plate veneei 
saws aie not frequently made of the full size named in the table 
nor are they used foi wood exceedmg about six inches wide, or 
that has not been previously squared into small pieces * 

In the larger applications of the veneer saw it is built up of 
segments or separate plates of steel, screwed to the edge of a 
metal disk or chuck Some few of the smallest segment saws 
are even less than two feet diameter, and those not exceeding 
about four feet diameter are generally used m the ordinary 
saw benches with fixed horizontal platforms, the woik being 
then fed by hand as usual 

But when the segment veneer saw exceeds about four feet 
diameter, the horizontal platfoim or table is rejected, and the 
guidance of the wood is entirely effected by machinery, called 
the drag the airangement of this construction, which is known 
both as the Deneer mill and the segment saio is shown in the 
perspective figure 804, page 81S The veneer almost alv ays 
proceeds from the edge of the saw, through a curvilinear trough 
parallel with the back of the saw but in the figure the veneei 
IS lepresented as if bent almost at light angles, so as to quit the 

* A- manufacturer experienced for thirty years in cutting miniature leaves 
generally employs single plate saws from sixteen to twenty inches diameter He 
also uses a segment saw measuring the larger diameter when new and composed 
of SIX segments attached to a gun metal chuck the edge of which is very thm 
and the center enlarged into a boss cut with a hollow screw for its attachment to 
the saw spindle which runs m a collar and centei exactly after the manner of a 
lathe mandrel He prefers about eight to ten points per inch and an average 
velocity of about 600 to 700 revolutions per minute m topping the teeth he uses 
a steel turning tool and sets the teeth before sharpening them 

He adds that when the blocks of ivory are cut into lengths prior to bemg sawn 
into veneers loss occurs because the central and wider leaves requu e to be longer 
than tliose from the same block which are extenor and narrow Sometimes the 
entire tooth or a large portion of it, is cut into veneers with the large segment saws 
having tLe drag (to be described) this is better as regards the cutting of the leaves 
into sqviares but the apparent economy is again lost as these saws being intended 
for wood have coarser teeth and will not leave such smooth surfaces as the saws 
exclusively used for ivory neither will they produce more than about fourteen oi 
fifteen veneers from each inch of ivory 

3 G 
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CONSTETJCTION 


01' THE SEGMENT SAW 


ui fconl, this ooistmction « fai less common, bnl ^ 
eelected for the present lUnstration, as it affords a m 

spicuous view of the entire process 

In the veneer saws furnished with the drag, le axe 
massiTe brass hearings, which are fixed on hric or s one ’ 
the edges of the larger saws dip below the groun in o a p 

lined with hnckwoik or masonry xi, 

The axis of the saw is connected or disconnected with the 

steam engine at pleasure, by means of a fast and loose pu ey , 
and in bringing the saw to a state of rest, the bra ce w ee a 
the end of the axis is strongly grasped by a friction hoop, as m 
some cranes Between the driving pulleys and the cone 
saw IS placed a bevilled pulley for a catgut band or rope that 
IS used in feedmg the cut as will be hereafter explained ihe 
saw, which is the all important part of the machine, is made o 
great strength and consists of three parts, shown in the section 
of the edge fig 803, of which the shaded part c to c is of cast 
iron, the white part s to s of soft steel, and the black h to h of 
hardened steel 


Fig 803 



The saw is composed, first, of a cast iron wheel or chuck, with 
from SIX to eighteen arms, which are taper, so as to constitute a 
cone, the thickness of which at the center is about one twelfth 
the diameter The nm of the wheel c c, is flat and turned smooth 
on the face to receive a series of 6 to 18 segments of soft steel, 
about one quarter of an inch thick marked s s, which are fixed 
to the cast iron by strong rivets, the segments project from 5 to 
8 inches beyond the cast iron, and are chamfered at the edge 
To the soft steel segments s s, are affixed a second series h h, 
consisiang of about twice the number , these are hardened and 
serrated so as to constitute the cutting edge of the saw 

The tempered plates are technically called the hard, and are 
attached to the soft segments by numerous countersunk copper 
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screws, tapped into s s When new, the haid segments project 
fioin 4 to 6 inches beyond the soft so that the angle then 
formed by the three parts h to c considered collectively, is 
only about 4 to 6 degrees with the flat face of the saw, and the 
veneer will readily yield to more than that extent from the log 
without splitting To prevent the risk of accident from the 
exposed spokes of the wheel or chuck, and also the current 
of wind caused by their rapid rotation the spaces intervening 
between them are filled up on the face with wood, and an entire 
cone of thin boards is attached to the back of the chuck 

The log to be sawn sometimes requires to be previously adzed 
all over, to remove the sand and dirt that would soon blunt the 
saw , it IS then partially levelled with the adze or plane, to adapt 
it to the vertical face of the drag The drag has three long bars 
of toood, in order that the revolving saw may cut or prepare for 
itself the surface against which the log is fixed The sharp 
ends of the iron dogs are driven a little way into the log, and 
the dogs are then drawn down by screw-bolts as represented 
Sometimes the log is only temporarily held by the iron fasten 
mgs or dogs, whilst its surface is paitially levelled with the saw, 
after which it is glued on a wooden fiame, that is full of trans 
verse and oblique bars, and has been also levelled with the saw, 
the log and fiame are afterwards bolted to the drag In this case 
the entiie body of the wood can be cut into veneer without inter 
luption fiom the fastenings, and the glue joint is safe so long as 
the log does not project more than the width of the glued surface 
Ihe timber requiies two motions to be impressed upon it, the 
one motion, longitudinal to cany it across the face of the saw 
the other motion, lateral, to advance it sideways between each 
cut, the exact thickness of the intended veneer 

For the first oi cutting motion, a long railway extends across 
the face of the saw, and supports the drag, which is earned past 
the saw by means of a rack and pinion, actuated by a cord pro 
ceeding from one of the grooves of the cone pulley on the man 
drel, down to the pinion axis, which is beneath the surface of the 
ground, and not represented^ On the pinion axis there is a 
double train of toothed wheels, and a clutch box, by the three 
positions of which latter the drag is left at rest, or it is carried 
slowly past the saw in the act of cutting, oi quickly backpiepa 
ratoiy to the succeeding cut The geaiing lever, by which the 

8 G 2 
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three positions of the clutch box are given, is perpendiciilar, ami 
passes downwards thiough a trap dooi, situ ited close e in 
little stool on which the attendant is seated 



The second motion of the log, or its lateral adjustment, is thus 
effected The slide that runs on the railway has a horizontal 
plate, which cariies three or more triangular standards, like but 
tresses, to the perpendicular faces of which are fixed the three 
wooden bars against which the wood is clamped 

The horizontal plate that cairies the tiiangles, is united at 
each end to the lower piece of the drag bj a chamfei slide with 
an adjusting sciewand nut, one of each alone being seen The 
adjusting screws have worm wheels at the one end, and aie sunal 
taneously moved by means of a winch handle %o at the exti( inity 
of a long rod, having two worms taking into the two woini 
wheels fixed on the adjusting screws From 50 to 60 turns of the 
handle are required to advance the log of wood one inch , the 
attendant can therefore determine with gieat facility, the nuinbti 
of veneers cut out of each inch of wood or he can cut the 
veneeis to any particular pattern for thickness 

There is no impediment to the passage of the log across the 
rectihnear face of the saw , hut for the guidance of the veneer 
around the back of the cone, some particular arrangements aie 
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lequired To enable the veneei to avoid the edge of the soft 
steel segments, to which the senated blades are fixed, a feather 
edged guide plate usually of brass and extending around about 
one sixth or eighth of the ciicle,is fixed almost in contact with the 
blade by screw bolts and nuts which, as seen in fig 804 unite 
it to the stationary framing of the machine the guide is repre- 
sented black in the sectional view fig 803 As the veneer is 
sawn off, the attendant leads the veneei on to the guide by 
means of a spud, or a thin blunt chisel, the veneer then slides 
over the guide, as shown, and proceeds through a curvilinear 
wooden trough, usually extendmg round the back of the cone, 
and the veneer is pulled out on the othei side by an assistant, 
and stacked on the heap Sometimes the veneer is bent neaily 
at right angles, and quits the sawm fiont as in the figure this 
arrangement is less usual, but was selected for the illustration, 
as it offers a more comprehensive view of the several parts 
Befoie lunning back the drag, preparatory to a new cut, the 
handle w, IS unwound two or three turns to remove the logbeyond 
the reach of the saw, and prevent its being scratched by the saw 
teeth, these turns are afterwards moved in addition to those 
required for the new thickness the handle is managed by a boy, 
who stands outside the railway 

Whilst the saw is in the act of cutting the principal attendant 
applies a soft deal freeing stick on the right and left of the 
blade beneath the timbei, in oider to clear the sawdust out of the 
teeth The speed at which the table is fed is easil} adjusted, by 
the selection of an appropriate gioove of the cone pulley on the 
main shaft, which communicates with the driving pinion beneath 
the floor, and this adjustment of the feed is jointly dependent on 
the condition of the saw as to sharpness, and the general quahty, 
hardness, and size of the wood 

The veneer saw may be used for logs of wood measurmg as 
much as 24 feet in length and 5 J feet m breadth, but which sizes 
are rarely or never met with in the same log It may be added, 
that the number of veneers cut out of each solid inch of wood, 
varies with the width and the intended purpose of the veneers , 
but that on the average — 

Wlien the -width of the wood is 6 12 18 24 30 36 48 60 inches. 

Each inch of wood is cut into 15 14 13 12 11 10 9 8 veneers 

and, as about one third of the wood is wasted in sawdust, the 


814 VENEER ^KW MILE ALSO USED TOR THIN BOARDS 

respective veneers are about two tbiids the 15tli, 14th5 of 

an inch in thickness . 

The veneer saw is also applied to cutting cedar wood loi 
making pencils head or thin wood fox making the hea ings> 
in cabinet work quarter stuff , or wood J inch thick, and occa 
sionally also to wood nearly J inch thick , and this may be con 
sidered the point of meeting, between the veneer saw and t e 
upright frame saw, page 742, in which ten or a dozen saw bla es 
are occasionally used for deals But the veneei saw works with 
greater accuracy and is almost always used for such thin boards 
of mahogany as are not cut by hand at the saw pit 

For sawing thin boards, the segments should be nearly new 
or very wide in order that the angle made by the removed board 
may be slight But as the board in riding ovei the guide, (page 
810,) near the edge of the saw, is nevertheless somewhat strained 
open, it becomes needful to apply a contiivance called a guard, 
to prevent the thin board from being at all split off instead of 
being entirely separated by the saw This is accomplished 
by a curvihnear arm eq[ual in size and form to the feather 
edged guide which hes agamst the haidened saw plates, but the 
guard IS very much thicker and stronger, and is covered with a 
thin plate of brass 

It will be further perceived in the perspective figure, page 812, 
that the guard is attached to a column, and is represented turned 
back, or out of work, which is the case whilst veneers are being 
cut , but in sawmg bo irds, the guard is placed parallel with the 
edge of the saw just external to its teeth (as dotted ) and is ad 
justed by set screws to rest in haid contact with the face of the 
wood which is slidmg past it the removed board is consequently 
held securely unto within half an inch of the saw teeth, oi 
the line of separation, as shown by the diagram, fig 803 

In sharpening the veneer saw, the woikman fiist applies a 
lump of grindstone veiy cautiously upon a propei support, 
against the edge of the teeth as the saw revolves so as to reduce 
the few pomts extending beyond the circle The saw having 
been stopped he then stands on a stage and rests his left arm, 
which IS guarded by a wooden board, or leather shield, upon the 
teeth of the saw, whilst he manages the triangular saw file with 
both hands The saw teeth are afterwards set by a hammer 
and a small flat stake held in the left hand The necessity for the 
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recurience to sharpenmg and setting depends mucli on the hard 
ness of the wood, but it is commonly needed several times each 
day that the saw is in constant work 

When the edge becomes too thick and wasteful it is ground 
by means of revolving laps of lead or iron fed with emery, one 
lap on the face, another on the back of the saw , the laps are 
placed one below the othei, to prevent their faces touchmg, and 
are kept in rapid motion, whilst the saw traverses between them, 
as in cuttmg so that all parts of the circumference, of this most 
stupendous and accurate of saws, may be ground alike * 


Notwithstandmg the very considerable length to which the 
chapter on saws has been extended, the subject maybe considered 
as very far from exhausted Thus the great majority of the 
apphcations of the saw hitherto noticed have been for manufac 
tures in wood, but toothed saws aie also employed for many other 
purposes, and different materials, some few of which will be 
glanced at by way of conclusion 

Bothreciprocating andcucular saws are occasionally employed 
in cutting off piles beneath the surface of water, when to draw 
them (by the aid of the hydrostatic press ) would endanger the 
safety of the foundations Two methods of thus using reetihnear 
saws have been described, to which the reader is referred t 
The cw cular saw, when used for piles, is commonly placed at 
the bottom of a long vertical shaft, the top of which is driven by 
a winch, through the medium of a pair of mitre wheels The 
shaft IS attached to a swing frame, hke a gate, or to a traversing 
platform, connected with such of the piles as may with safety be 
ultimately drawn up , in every case the erection of machmery 
for sawmg piles is troublesome, and the process tedious 

In the American steam pile driving machine, mtended prmci 
pally for constructing the foundations of railways, two piles are 
driven at the same time, in the respective track After which, they 


* The author is greatly indebted to Messrs Esdaile and Mar^ave of ^i ? 
Saw Mills for the free access they permitted him to their establishment whi h 
contains eleven veneer saws from 17 ft 6 m to 6 feet diameter and also nearly 
every kind of machine saw and shaping engme for wood that is 

Many of the practical details on sawmg ivory veneers were derived from the 

oxTJerience of Mr Donald Stewart i -n a-v-aTi 

f See Encycl Metro Part Mecliamcs aiticle 636 also, Civil Eng 

Journal, 1813, vol vi , page 439 
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are sawn off by a circular saw four feet in diameter the spindle of 
which is mounted on the endof a strong hoiizontal frame moving 
on a joint, so as to cut first the one pile and then the otnei 
Notwithstanding the irregularities of the ground, the piles may 
he cut eithei to a dead level or to any paiticular inclination ^ 

Circular saws are used in cutting sheets of slate into rectangular 
pieces, many of which are afterwaids planed by machinery (vol i 
page 165) Slate is also grooved with thick circular saws for 
making a particular kind of roofing, the joints for cisterns, and 
other works, and more fiequently two thinner saws are used 
and the intermediate substance is chiselled or tooled out Eecti 
linear toothed saws, driven both by hand and machinerj are 
likewise used for blocks of slate and soft building stone 

A saw machine is used at the Butterley lion Works Derby 
shire, in cutting off the ends of railway bais whilst led hot , in 
fact, the moment they leave the rollers The two saws are exactly 
like those for wood, of three feet diameter, with flanges of two 
feet, they travel at upwards of 1000 revolutions per minute, 
and their lower edges dip into water The bar is brought up 
to the saws by machinery, and both ends are cut off simul 
taneously, in twelve to fifteen seconds, to the precise length 
required t 

If the customarj^ applications of the saw machine to works in 
metal had been touched upon in this chapter they would almost 
inevitably have trenclied upon the fifth volume as it would have 
been difficult, to avoid proceeding from the circular saw, used 
simply for dividing works to circular cutters with plain edges, 
used in cutting giooves and to cutters with curvilinear or figured 
edges used for the teeth of wheels, and various other analogous 
woiks, subjects that are for the piesent held in reserve 

By analogy it might also have been shown, that in some of 
the various apparatus employed in ornamental turning, revolving 
cutters of all kinds with plain or figured edges, are likewise 
used But in reference to these, it will be explained in the 
fourth volume that the many teeth of the ciicular saw, or figured 
cutter, dwindle down to a single radial tooth , and that the 
solitary cutting edge makes up for its apparent deficiency, by 
the extreme rapidity with which it is in general driven 


* Civil Eng and Arch Journal vol v page 1 
t Trans Inst Ciyil Engineers vol ni , p 197 
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CHAPTER XXVIII 

PILES 

SECT I — GENERAL AND DESCRIPTIVE VIEW OF FILES OF 
USUAL KINDS 

The file is a strip or bar of steel, the surface of which is cut 
into fine points or teeth, that act by a species of cutting, closely 
allied to abrasion When the file is rubbed over the material to 
be opeiated upon, it cuts or abrades little shavings or shreds, 
which from their minuteness are called dmt, and m so doing, 
the file produces minute and irregular furrows of nearly equal 
depth, leaving the surface that has been filed more or less smooth 
according to the size of the teeth of the file and more or less 
accurately shaped, according to the degiee of skill used in the 
manipulation of the instrument In treating this subject, it is 
jiroposed to divide the mattei into the following sections — 

I General and descriptive view of files of usual kinds 

II Geneial and descriptive view of files of less usual kinds 

III Preliminary lemarks on using files, and on holding works 

that are to be filed 

IV Instructions for filing a flat surface undei the guidance 

of the straight edge, and of the trial plate, or planometer 
V Instructions foi 01 igmating straight edges and tiial plates, 
or planometers 

VI Instructioua foi filing rectilinear works in which several 
or all the superficies have to be wrought 

VII Instructions for filing curviLnear works, according to the 
three ordinary modes 

VIII Comparative sketch of the apphcations of the file, and of 
the engineer s planing machine, &c 

The files employed in the mechanical aits are almost endless 
in variety and which is to be accounted for by theie being some 
four, five, or six featuies in every file that admit of choice, in 
oidei to adapt the instrument to the several kinds of woik for 
which the file is used and most of the names of files expiess 
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these different features, for instance the three following files aie 


in common use — 

6 inch. blunt 

single out 

Sheffield 

saw file 

9 inch 

taper 

smooth 

Lancashire 

half round file 

12 inch 

parallel, 

rough 

Sheffield, safe edge 

cotter file 


From the perusal of these compounded names it will he seen 
that SIX sources of variation have been noticed and upon which 
several characters a few observations will be offered 

1 Length — The length of files is always measured exclusively 
of the tang or spike bv which the file is fixed in its handle, and 
the length and general magnitude of the file require to be pro 
portioned to the work to be performed When the works aie 
both large and coarse, the file should be long and strong, that 
the operator may be able to exert his entire muscular force in 
using the instrument , when the woiks are minute and delicate 
the file should be proportionally short and slender, so that the 
individual may the more delicately feel the position of the file 
upon the work , as the vigorous employment of force, and the 
careful appreciation of position or contact, are at opposite ex 
tremes of the scale Thus, it may be said, the watchmaker 
frequently uses files not exceeding three quarters of an inch m 
length, and seldom those above 4 or 5 inches long artisans in 
works of medium size, such as mathematical instrument makers 
and gunmakers, employ files from about 4 to 14 inches long, and 
machmists and engineers commonly require files from about 8 
to SO inches long, and sometimes use those of S, 3, feet and 
upwards in length 

The lengths of files do not bear any fixed proportion to their 
widths, but, speaking geneially, it may be said the lengths of 
square, round, and triangular files, are from 20 to 30 times then 
widths, measured at the widest parts and the lengths of broad 
files, such as flat files, half round files, and many others, are 
from 10 to 12 times their greatest widths 
% 2 Taper, blunt, and parallel files — ^Almost all files are required 
to be as straight as possible m their central line and are distin 
guished as taper, blunt, and parallel files a very insignificant 
number of files are made curvihnear in their central line, as in 
the rifflers used by sculptors and carvers, and some other files 

The great majority of files are made considerably taper lu 
their length, and to terminate nearly in a point, such ire called 
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taper files , others are made nearly parallel, and known as “ Hunt 
pointed, or simply as hlunt files , but in each of these kinds the 
section of the file is the largest towards the middle so that all 
the sides aie somewhat arched or convex, and not absolutely 
straight A very few files are made as nearly parallel as pos 
sible, and have, consequently, nearly straight sides, and an equal 
section throughout , such are designated as parallel files, and by 
some, as dead parallel files, just as we say “dead level ’ for a 
strictly level surface but it is very far more general for the so 
called parallel files to be slightly fuller in the middle 

3 Lancashire and Sheffield files —In England the principal 
seats of themanufactuie of files, are Sheffield and Warrington, 
those made at the latter place being more generally designated 
as Lancashire files The Sheffield files are manufactured in very 
much the larger quantity, and for neaily every description of work, 
both large and small The Lancashire files are less used for large 
thanfor small works, including watch and clock work, some parts 
of mathematical instruments and the finer parts of machinery 
Eormeily all the Lancashire files boie a great pre eminence 
over the Sheffield, in respect to the quality of the steel from 
which the files were made their greater delicacy of form, the 
perfection and fineness of their teeth, and the success with which 
they were haidened, these circumstances rendered the Lanca 
shire files moie expensive, but also much more serviceable than 
the Sheffield Of later yeais, this superiority is generally con 
sidered more particularly to apply to the smaller Lancashire 
files, not exceeding about 8 or 10 mches in length, as from the 
steady improvement amongst the best of the Sheffield file manu 
facturers, in respect both to the quality of the steel, and the 
workmanship, it now results, that the larger files made both in 
Lancashire and Sheffield, assimilate much moie nearly in then 
respective qualities than formerly 

4 The teeth of files — ^Many files that are in all other respects 
alike, differ in the forms and sizes of then teeth Three foims 
of teeth are made, those of double cut files, those oi floats, or 
single cut files, and those of rasps The floats and rasps are 
scarcely used but for the woods and soft materials, the double 
cut files aie used foi the metals and general purposes , and 
when the file is spoken of, a double cut file is always implied, 
unless a single cut file, or a i isp, is specifically n lined 
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In a double cut file, the thousands of points or teeth occur 
from two series of straight chisel cuts crossing each other m a 
single cut file or float the ridges occur from the one series of 
chisel cuts which are generally square across the float and in a 
rasp the detached teeth are made by solitaiy indentations of a 
pointed chisel oi punch, a subject that will be further noticed 
when the cutting of files is adverted to 

Double cut files are made of several gradations of coarseness, 
and which are thus respectively named by the Lancashiie and 
Sheffield makers — 


LANCASHIRE PILES 

1 

2 ^ 

3 

4 ^ 

5 

6 


Eough 

Middle cut 

Eastard 

Secona-cut 

Smooth 

Superfine 


SHEPPIELD PILES 

1 Eough 

2 Bastard 

3 Second cut 

4 Smooth 

5 ^ Dead smooth 


The sizes marked with asterisks are not commonly made and 
this reduces each scale of vaiiety of cut to four kinds, of which 
the Lancashire are somewhat the finer The above names aflfoi d, 
however, but an indifferent judgment of the actual degrees of 


coaiseness which, for all the denominations of coarseness, differ 
with every change of length but the numbers in the annexed 
table may be considered as pretty near the truth — 


Approximate Numbers of Cuts in the Inch of Lancashire Files * 


Lengths in Inches 

4 

6 

8 

12 

16 

20 

Eough. cut 

56 

52 

44 

40 

28 

21 

Bastard cut 

76 

64 

56 

48 

44 

34 

Smooth cut 

112 

88 

72 

66 

64 

56 

Superfine cut 

216 

144 

112 

88 

76 

64 


Of floats and rasps, but two denominations aie generally made, 
and winch are simply distinguished as coarse and fine, the fine 
are also called cabinet floats and rasps and as with the files, the 


* The ntiEabers m the Table were counted from the engravings of the teeth of 
ffles in Mr Stubs pattern book These engravings wei e laid down with great oai e 
tom Hie files themsdves and it is somewhat curious the numbers should so nearly 
faU m r^r senes The second courses of teeth were in each case counted and 
which are somewhat finer than the first course as explamed on page 829 

One of the smaEest and finest Lauoashu-e files was found by the author to con 
tam from 290 to 300 outs m the moh, which is confirmatory of the above numbers 
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two nominal sizes of the teeth of floats and rasps, differ foi every 
Variety of length in the instruments 

5 Safe edges — Some hies have one or more edges that are left 
uncut, and these aie known as safe edges, because such edges are 
not liable to act upon those parts of the woiL against which they 
are allowed to rub for the purpose of guiding the instrument 
The safe edge file is piincipally requiied in making a set ofl, or 
shoulder, at an} precise spot in the woik and in filing out rect 
angular coiners , as whilst the one side of the notch is being 
filed, the othei side can be used to direct the file Occasionally 
the edges alone of files aie cut, and the sides are left safe or 
smooth, as in some warding files, which nearly resemble saws 

6 The names of files — ihese are often derived from their pur 
poses as in saw files, slitting, warding, and cotter files the names 
of others from their sections as sq^uaie, round and halfiound files 


Figs 805 Sections derived from tlie Square 
B CD E F Gr 




R 


Figs 806 Sections derived from the Ciicle 

K L M N 0 P Q 

.O O ^ 

Figs 807 Sections derived from the Triangle 

T y W X Y Z 
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Files of all the sections represented in the groups figs 805, 
806, and 807 are more or less employed, although many of them 
are ’almost restricted to particular purposes and more especially 
to the art of watchmaking for which art indeed very many of 
the files have been oiigmated Ihe sections may be consideie 
to he derived from the square, the circle, and the equilateral 
tiimgle, as will be detected by the eye without description 
To avoid wearying the reader by attempting to describe aU 
the various files that are made, the eight or nine kinds which are 
of most extensive application, wiU he briefly adveited to and 
these will he placed in the supposed ordei of their usefu^ess 
as derived paitly from the author s ohseivation and partly trom 
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the lelatiTe quantities considered to be manufactured of each 
kind in two large establishments After this, a few remarks will 
he given on some of the files to which the sections 805 to 807 
lefer, and this, oi the fiist division of the chapter, will be con 
eluded by a short account of the mode of forming the teeth of 
files, and some other particulars of their construction 


It may be considered that in nearly eveiy branch of art in 
which the file is used, that the following constitute the basis of 
the supplj , namely, taper files, hand files cotter and pillar files 
half round, triangulu, cross, and round files, square, equalling 
knife and shtting files, and rubbers, a short explanation will be 
given of all of these vaiieties, in the course of which, refeience 
will be occasionally made to the sections A to Z just given 
Tapo files or taper fiat files, are made of various lengths from 
about 4 to 24 inches and are rectangular in section as m B 
fig 805 they are considerably rounded on their edges, and a 
little also m their thickness , their greatest section being towards 
the middle of their length or a httle nearer to the handle, whence 
these files are technically known to be “ bellied , they are cut 
both on their faces and edges with teeth of four varieties, namely 
rough, bastard, second cut, and smooth cut teeth Taper flat 
files are m extremely general use amongst smiths and mechames, 
for a great variety of ordinary works 

Hand, files or fiat files resemble the above m length, section, and 
teeth, but the hand files are nearly parallel in width, and some 
what less taper in thickness than the foregoing Some few of 
them are called parallel hand files from having a nearerequality 
of thickness, and parallelism of sides Engineers, machinists, 
mathematical instrument makers and others give the preference 
to the hand file for flat surfaces and most other works, except in 
filing narrow apertures and notches, as then the small end of the 
taper file, first described, may be employed in the commence 
ment gradually the central and wider part, and then the entire 
ength of the instrument, as the space or notch to be filed becomes 
mder the taper form thus enables a larger and stronger file to 
be used m the commencement, but foi other and accurate pur 
po^s the hand file is esteemed preferable to the taper 

Cottet files are always nariowep than hand files of the same 
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length and thickness, they are nearly flat on the sides and edges, 
so as to present almost the same section at every pait of then 
length, in vhich respect they var} from 6 to 22 inches otter 
files are mostly used in fihng grooves, for the cotters, keys or 
wedges, used in fixing wheels on their shafts, whence their name 
The tapei cottei files, or as theyaie also called entering files, sxt 
entirely different from the above, as they are taper both in width 
and thickness, and almost without any swell, or pyiaimdal, m 
which respect alone they differ from ordinary taper files that are 
usually much swelled or bellied 

Pillar files, also somewhat resemble the hand files, but they 
are much narrower, somewhat thinner, as in 0, and are used foi 
more slender purposes, or for completing works that have been 
commenced with the hand files Pillar files have commonly one 
safe edge, and vary from 3 to 10 inches in length 

Half round files, are nearly of the section L, notwithstanding 
that the name implies the semicircular section , m general the 
curvature only equals the fourth to the twelfth part of the cucle, 
the first being called full half round, the l^st flat half round files 
The half round files vary from about 2 to 18 inches in length, 
and are almost always taper The convex side is essential for a 
variety of hollowed works, the flat side is used for general 
purposes 

Triangula'} files, commonly misnamed ill} ee square files, aic 
of the section R, and fiom 2 to IG inches long they arc used foi 
internal angles more acute than the rectangle, and also fox clear 
mg out square corners One of the greatest uses of triangular 
files from 3 to 6 inches long, is the sharpening of saws, the 
greater number of which have teeth of the angle of 60 degrees, 
an angle doubtless selected, because it appertains to all the angles 
of the equilateral triangular file, the three edges of which are 
therefore alike serviceable in sharpening saws In the southern 
paits of England, saw files with single cut teeth, are m more 
general use, from the idea that they ‘‘ cut sweeter ’ in the midland 
andnorthern counties, the double cut files of the same dimensions 
are moie m vogue, being esteemed more durable Small saws 
for metal, which are harder than those for wood, are always 
sharpened with double cut files, the Lancashire being preferred 
Cross files, or crossing files, sometimes called double half 
rounds, are of the section M, or ciicular on both faces, but of 
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two diffeient curvatmes, they aie used for concave oi hollowe 
forms the same as the convex side of the half lound, but cioss 
mg files are on the whole shorter and less common than hall 
round files and are piobably named fiom the files being used 
in filing out the crosses of arms or small wheels as in clock 
woik in which case the opposite sides present a two fold choice 
of curvature in the same instrument, which is convenient 
Those cross files which aie pimcipally known as double hall 
lounds, are fuller or more convex on both faces than ordinary* 
cross files and are employed by engineers 

Hound files y of the section I lange from the length of 2 to 18 
inches they are in general taper, and much used foi enlaigiiig 
lound holes The round file is bettei adapted than the so called 
half round file, to woiks the internal angles of which ire filled m 
or rounded as the round file is muchsti ongei than the half round 
of the same curvature Small tapei round files, are often called 
rat tail files and the small parallel round files, are also called 
joint files as they are used m filing the hollows in the joints of 
snuff boxes and similar objects for the reception of the pieces of 
joint wire (vol i page 429), that are soldered in the hollow 
edges of the work for the joint pin oi axis 

Square fileSi are used for small apertuies, and those works to 
which the ordinary flat files are from their greater size less 
applicable The square files measure in general from 2 to 18 
inches long and are mostly taper , they have occasionally the 
one side safe or uncut 

Equalling files, are files of the section D , m width they aie 
moie frequently paiallel than taper, in thickness they are always 
parallel They are in geneial cut on all faces, sometimes as in 
the waiding files for locksmiths, the two bioad suifices aie 
left uncut or safe and they range from 3 to 10 inches long 

Knife files, aie of the section T, and m geneial veiy acute on 
the edge, they are made fiom S to 7 inches long and aie as 
frequently parallel as tapei The knife files are used m cutting 
narrow notches, and in making the entry for saws and foi files 
with broader edges , knife files are also employed in bevilhng 
or chamfering the sides of narrow grooves 

Slitting files called also feather edged files, resemble the last in 
consti action and purpose, except m having as in section V, two 
thm edges instead of one , they are almost always parallel 
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Rubbers, are stiong heavy files geneially made of an inferior 
kind of steel they measure from 12 to 18 inches long from J to 
2 inches on every side and are made very convex oi fish 
bellied they are frequently designated by their weight alone, 
which varies fiom about 4 to 15lbs Rubbeis aie nearly re 
stncted to the squaie and tiiangulai sections A and E Some 
few rubbers are made neaily squaie m section, but with one side 
rounded, as if the sections K and B were united these aie called 
half thick Eubbers are scaicely ever used by machinists and 
engineers, but only for coaise manufacturing purposes wheie 
the object is lather to brighten the surface of the work than to 
give it any specific foim Eubbers were foimerly made only of 
bar or common steel, but are now also made of cast steel and m 
a more careful manner 

Many aitizans and more particularly the watchmakers, require 
othei fih s than those described, and it is therefore proposed to 
add the names of some of the files to which the sections refer 
premising that such names as are punted in Italics, designate 
small files especially used m watchmaking 

Names of some of the Files eorres;poncling ivith the Sections 
A to Z {represented on page 821) 

A — Square files, both parallel and tapei, some with one safe 
side also square lubbeis 

£ — ^^hen large, cotter files , when small verge and pivot files 
Q — Hand files parallel and fiat files, when small, pottance 
files when nariow, pillar files, to these nearly parallel 
files are to be added the taper fiat files 
H — When parallel equalling clock pinion soad endless screw files, 
when taper, slitting, entering warding, and barrel hole 
files 

E — Ftenchpivot and shouldering files which aie small, stout and 
have safe edges, when made of large size and right and 
left they are sometimes called parallel V files fiomtheii 
suitability to the hollow V V s of machinery 
F — Name and purpose similar to the last 
Q — Flat file with hollow edges, principally used as a nail file 
for the diessing case 

H —Pointing mill saw file, round edge equalling file, and round 
edge joint file all aie made both paiallel and tapei 
3 H 
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I — Round file gulleting saw file, made both parallel and taper 
K — Erame saw file, foi gullet teeth 

L — Half round file NtcJcing and piei cing files also cabinet 
floats and rasps, all these aie usually tapei Files of tins 
section which are small, paiallel, and have the convex 
side uncut, and have also a pivot at the end opposite the 
tang are called round off files, and are used for rounding 
01 pointing the teeth of wheels, cut originally with square 
notches The pivot enables the file to be readily twisted 
in the fingeis to allow it to sweep round the cuive of 
the tooth to be rounded 

— Cl OSS 01 crossing files, also called double half rounds 
— Oval files oval gulleting files foi large saws, called by the 
French Umes a double dos Oval dial file when small 
O — Balance wheel oi swing ivheel files, the convex side cut, the 
angular sides safe 

P — Swaged files, for finishing brass mouldings, sometimes the 
hollow and fillets are all cut 

Q — Sir John Robison s curvilinear file, to be hereafter described 
R — Triangular, three square, and saw files also tiiangular 
rubbers which are cut on all sides Tiiangular files 
aie also made in short pieces and vaiiously fixed to 
long handles, for woiks that are diflicult of access, as 
the grooves of some slides and valves, and similar woiks 
g — Cant file, probably named from its suitability to filing the 
insides of spanneis, for hexagonal and octagonal nuts 
01 as these aie geneially called, six oi eight canted 
bolts and nuts the cant files are cut on all sides 
X — ^When parallel flat dovetail, hanking and watch pinion file*-, 
when taper knife edged files With the wide edge lound 
and safe, files of the section T, are known as moulding 
files, and clock pinion files 

V — Screw head files, feathei edge files, clock and watch slitting 
files 

W — ^Is sometimes used by engineers in finishing small giooves 
and key ways, and is called a valve file, from one of 
its applications 

X — ^Afile compounded of the triangulai and half round file and 
stronger than the litter similar files with three rounded 
faces have also been made foi engineeis 
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Y — Double or clieckermg files, used by cutlers, gun makers 
ind otheis The files aie made separatelj and iiveted 
together, with the edge of the one befoie that of the 
other in older to give the equality of distance and 
paiallelism of checkered woiks just as in the double saws 
for cutting the teeth of lacks and combs see p 7 28 
!Z — Double file made of two flat files fixed together in a wood 
or metal stock this was invented foi filing lead pencils 
to a fine conical point and was patented by Mr Coopei 
under the name of the Styloxynoyi 


The manufactm e of files — The pieces of steel, or the blanks 
intended for files, are foiged out of bais of steel, that have been 
either tilted oi rolled as nearly as possible to the sections 
required, so as to leave but little to be done at the forge the 
blanks are afterwards annealed with great caution so that m 
neither of the processes the tempeiatuie known as the blood led 
heat may be exceeded The surfaces of the blanks aie now- 
rendered accurate in form and quite clean in surface, either by 
filing or giindmg In 'Wairmgton, where the majority of the 
files manufictured are small, the blanks aie mostly filed into 
shape as the more exact method , m Sheffield where the greater 
number are lirge the blanks aie moie commonly ground on 
laige grindstones as tne moie expeditious method but the best 
of the small files are heie also filed into shape and in some few 
cases the blanks aie planed in the planing machine, for those 
called dead pai allel files the object being in every case to make 
the surface clean and smooth The blank before being cut is 
slightl} gi eased that the chisel may slip freely over it, as will 
be explained 

The file cutter, when at woik is always seated befoie a 
square stake or anvil and he places the blank straight before 
him, with the tang towards his person the ends of the blank 
are fixed down by two leather straps or loops one of which is 
held fast by each foot — See Note B P p 1022 

I he Ingest and smallest chisels commonly used in cutting 
files are represented in two views and half size in figs 808 ind 
809 The fiist is a chisel for large lough Sheffield files the 
length IS about S inches, the width 2^ inches, and the angle of 

3 II 2 
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hammer -weighing only one to two ounces, m It will be wen llip 
weight of the blow mainly detsrminee Uie distanoe between the 
teeth Other chis^s are made of intermediate iiroporUons, bat 
the width of the edge always exceeds that of the file to be eni. 

The first out is made at the point of tlie file, the obinei ie hrtii 
in the left hand, at an horizontal angle of about fi5 degrees, wiib 
the central line of the file, rk at o o fig H 10, and with avnrtieal 
inclination of about 13 to 4 degrees fioiii tho perpi iidieiilar ae 
represented in the figures H08 and noil Hiippoiiuig ihe (ntig of 
the file to be on the left hand side * i lio blow of tin 
upon the chisel, causes the latter to indent an<t uligblly to drive 
forward the steel, thereby throwing up a trifling ridge or bmrr 
the chisel is immediately replaced on the bimik and slid fr«>ni 
the operator, until it encounters the ridge pre% ioii»l) thrown up 
which arrests the chisel or prevents it fnon slipping fimbrr 

’** AtHmsitia, exparisBMd in ths sasnnrMlur* i»t ShsMstii Sks, swsSrfgifi «Im> 
ieQow^ nearly tbs ususl SpSglM for ths vsrtloSl hMUssliMi •( llw 
na,m^, for mps, IS dsfrsss bsyoud tbs psrpsodkuUr ) ibn, t j 

degrees baisM 10 digrsMt ssoond-ent flisa 7 dspsasi sisoeUi sut SIm. 

S degrees aiid dsiAsaaoolb eat Slss, 4 Ostr*** 
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back, and thereby determines the succeeding position of the 
chisel The heavier the blow, the gieater the ridge, and the 
greater the distance from the preceding cut, at which the chisel 
IS arrested The chisel having been placed in its second posi 
tion IS agim stiuck with the hammer, which is made to give 
the blows as nearly as possible of unifoim stiength, and the pio 
cess IS lepeated with consideiable rapidity and regiilaiity, 60 to 
80 cuts being made in one minute, until the entiie length of the 
file has been cut with inclined paiallel, and equi-distant iidges, 
which aie collectively denominated the first course So far as 
this one face is concerned, the file if intended to be single cut 
would be then ready for hardening, and when greatly enlarged 
its section would be somewhat as in fig 811 ^ 

Most files, howevei, are double cut, or ha^e two senes or 
courses of chisel cuts, and for these the surface of the file is now 
smoothed by passing a smooth file once oi twice along the face 
of the teeth, to remove only so much of the roughness as would 
obstiuct the chisel fiom sliding along the face in receiving its 
successive positions and the file is again greased 

Ihe second course of teeth is now cut, the chisel being 
inclined vertically as before or at about 12 degiees,but hoiizon 
tally only a few degrees in the opposite diiection oi about 5 to 
10 degrees fiom the rectangle, as at h 6, fig 810 the blows aie 
now given a little less strongly, so as barely to penetrate to the 
bottom of the fiist cuts and from the blows being lighter they 
thiow up smaller burrs, consequently the second course of cuts 
IS somewhat finer than the first The two series of courses, fill 
the surface of the file with teeth which are inclined towards the 
point of the file, and that when highly magnified much resemble 
in character the points of cutting tools generally, as seen m 
fig 811, for the burrs which are thiown up and constitute the 
tops of the teeth, are slightly inclined above the general outline 
of the file, minute parts of the oiiginal surface of which still 
lemain nearly m their fiist positions 

If the file IS flat and to be cut on two faces, it is now turned 
over but to protect the teeth fiom the hard face of the anvil, a 
thin plate of pewter is interposed iriangular and othei files 


The teotli of some single cut files aie mucliless inclined than 55 cborees those 
of floats aie m geiieial squat e atio s the instiuraeat 
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require blocks of lead liavmg grooves of the appropriate sections 
to suppoit the blanks so that the surface to be cut may be 
placed horizontally Taper files require the teeth to be some 
vhat finer towards the point, to avoid the risk of the blank being 
weakened or broken in the act of its being cut which might 
occur if as much force were used in cutting the teeth at the 
point of the file, as in those at its centr il and stronger pait 
Eight courses of cuts are required to complete a double cut 
rectangular file that is cut on all faces, but eight ten, oi even 
more courses are required, in cutting only the one rounded face 
of a half round file There are various objections to employing 
chisels with concave edges, and therefoie in cutting round and 
half round files, the ordinary straight chisel is used and applied 
as a tangent to the curve but as the narrow cuts are less 
difficult than the broad ones, half round and round files are 
generally cut by young apprentice boj s It will be found that 
in a smooth half lound file one inch in width, that about twenty 
courses are required for the convex side, and two courses alone 
serve for the flat side In some of the double cut gullet tooth 
saw files, of the section K, as many as 23 courses aie sometimes 
used for the com ex face, and but 2 for the flat The same diffi 
culty occurs in a round file, and the surfaces of curvilinear files 
do not therefore present, under ordinary circumstances, the 
same uniformity as those of flat files, as the convex files are 
fiom necessity more or less polygonal 

Hollowed files are raiely used in the 
arts and when requiied it usually becomes 
impeiative to employ a round edged chisel, 
and to cut the file with a single couise of 
teeth Sir John Eobisons curvilinear 
file will be heieafter noticed, in which the 
objections alluded to m both hollowed 
and lounded files are neaily or entirely 
removed 

The teeth of rasps are cut with a pecu 
liar kind of chisel, or as it is denominated a 
punch, which is represented also half size, 
and in two views in fig 812 The punch 
IS about 3} inches long and f square at its 
videst pait Viewed in fiont, the two sides of the point meet at 
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an angle of about 60 degrees, viewed edgeways, or in profile, the 
edge forms an angle of about 50 degiees, the one face being 
only a little inclined to the body of the tool Diffeient sized 
rasps necessarily require different sized punches, the ends of 
which would much resemble the ordinal y point tools for turning 
wood or ivoiy, but that they aie more obtuse and that the edge 
of the punch is rounded, that the tool may rather indent than cut 

In cutting rasps the punch is sloped lather more from the 
opeiator than the chisel in cutting files, but the distance between 
the teeth of the rasp cannot be determined as m the file bv 
placing the punch in contact with the buir of the tooth previously 
made B} dint of habit the workman moves or, technically, 
ho'ps the punch the required distance , to facilitate this move 
ment he places a piece of woollen cloth under his left hand, 
which prevents his hand coming immediately in contact with, 
and adhering to the anvil 

The teeth of rasps are cut in rather an aibitiary manner, and 
to suit the whims rather than the necessities of the woikmen 
who use them Thus the lines of teeth in cabinet rasps wood 
lasps and farneis rasps, are cut lu lines sloping from the left 
down to the right hand side , the teeth of lasps for boot and 
shoe last makers and some others, are sloped the reverse wa} , 
and rasps for gun stockeis and saddle tree makers are cut in 
ciicular lines or descent foim These directions aie quite 
immateiial , but it is important that eveiy succeeding tooth 
should cross its piedecessoi , or be intei mediate to the two befoie 
it as if the teeth followed one anothei in right lines, they would 
pioduce furrows in the work, and not comparatively smooth 
surfaces Considering the nature of the process, it is rather 
surpiising that so much regularity should be attainable as may 
be observed in rasps of the first quality 

In cutting files and rasps, they almost always become more 
01 less bent and there would be danger of breaking them if they 
were set stiaight whilst cold they are consequently straightened 
whilst the} are at the led heat, immediately pi lor to then being 
haidened and tempeied 

Pieviously to their being haidened the files are drawn tlnough 
bcei gioiinds yeast, or other sticky matter and then tlnough 
common salt, mixed with cows hoof pieviously loasted and 
pounded, and which sei ve as i defence to piotect the delicate teeth 
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of the file from the diiect action of the fiie The compound 
likewise serves as an index of the temperature as on the fusion 
of the salt the haidemng heat is attained, the defence also 
lessens the disposition of the files to crack or clink on being 
immersed in the water, see vol i page 253 

The file aftei having been smeaied ovei as above is giadually 
heated to a dull red and is then mostly stiaightened with a 
leaden hammer on two small blocks also of lead , the tempeia 
tnre of the file is afterwards increased until the salt on its 
surface just fuses, when the file is immediately dipped in watei 
Ihe file is immersed, quickly or slowly, veitically or obliquely 
accoidmg to its form that mode being adopted foi each vaiiety 
of file which is consideied best calculated to keep it straight 
It IS well known that from the unsymmetiical section of the 
hilfiound file, it is disposed on being immersed, to become 
hollow 01 bowed on the convex side and this tendency is com 
pensated for by curving the file whilst soft in a nearly equal 
degiee in the leverse direction , by this compensatoiy method 
the hardening pi ocess leaves the half round files neaily sti aight 
It nevertheless commonly happens that with eveiy piecaution 
the file becomes more or less bent in hardening, and if so it is 
straightened not by blows but by pressure, either before it is 
quite cold or else after it has been paitiallv reheated in any 
convenient mode as over a clear fire, on a heated iron bar, over 
a hooded gas flame, as m tempering watch spiings, oi in any 
other manner The pressure is variously applied, sometimes by 
passing the one end of the file under a hook, supporting the 
center on a prop of lead and bearing down the opposite end of 
the file at othei times by using a support at each end and 
appl;ying pressure in the middle, by means of a lever the end of 
which IS hooked to the bench, as m a paring knife Large files 
are always straightened before they are quite cooled after the 
haidemng, and whilst the cential part retains a considerable 
degiee of heat When straightened, the file is cooled in oil, 
which saves the teeth from becoming rusty 

The tangs are now softened to prevent their fiacture, this is 
done either by giasping the tang in a pan of heated tongs, or by 
means of a bath of lead contained in an non vessel with a per 
forated cover, till ough the holes in which, the tangs are immersed 
in the melted lead that is heated to the pioper degree, the tang 
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IS afterwards cooled in oil, and when the file has been wiped, 
and the teeth brushed clean, it is considered fit foi use 

The superioiity of the file will be found to depend on foui 
points — the piimaiy excellence of the steel — the pioper foiging 
and annealing without excess of heat — the coirect foimation of 
the teeth — and the success of the hardening These several 
pioccsses aie coinnaonly fulfilled by distinct classes of work 
people, who are again subdivided according to the sizes of the 
hies, the laigest of these being cut by poweiful musculai men, 
the smallest by women and giils, who theieby severally attain 
gieat excellence in their respective shaies of the woik 

Ihe manufacture of files, especially the cutting of the teeth 
has been entered into much more largely than was at first 
intended, but it is hoped this may not be without its use as 
notwithstanding the suitability of ordinary files to most purposes 
still occasions may and do occur in which the general mechanist 
01 amateur ma} find some want unsiipplied, which these hints 
ma} enable him to provide for although less perfectly than it 
the file in question had been manufactured in the usual com se 
Ihe piocess of cutting teeth, is also called for in loughing the 
jaws of vices and clamping appaiatus * 

Means of g'las'ping the file — In general the end of the file is 
foiged simply into a taper tang oi spike, foi the puipose of 
fixing it in its wooden handle, but wide files requiie that the 
tang should be reduced m width either as in fig 813 oi 814 
The foimer mode, especially in laige files is apt to cripple the 
steel and dispose the tang to break off, after which the file is 
neaily useless, the cuivilinear tang, 814, is far less open to this 
objection, and was registered by Messis Johnson, Cammell, and 
Co , of Sheffield Some workmen make the tangs of laige files 
red hot, that they may burn their own recesses in the handles, 
but tins IS objectionable, as the charied wood is apt to crumble 


Tliere is perhaps an equal mixture of philosophy and prejudice in the harden 
mg of files some attach very great importance to the coating or defence others to 
the medication of the water and all to the mode of immersion best calculated for 
each different file in order to keep it as straight as possible questions of opinion 
which it IS impossible to geneialize Mr Stubs piocess of manufacture is 
pretty much as above described and although he has experimented with mercury 
at 8 I as the cooling medium as well as vaiious fiuids he has ai rived at the 
conclusion that the salt pnncipally acts as an antiseptic and that fresh spiing 
wattr it 15 IB IS effective as iny fluid 
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nway and release the file it is more pioper to foiin the cavity 
in the handle with coaise floats made for the puipose 

In diivmg 1 uge files into then handles it is usuil to place the 
point of the file in the hollow behind the chaps of the t iil vice, 



and to diive on the handle with a mallet or hammer Smallei 
files are fixed obliquely in the jaws of the vice, between clamps 
of sheet brass, to prevent the teeth either of the vice or file from 
being injuied, and the handle is then driven on The file, if 
small IS sometimes merely fixed in a cork, or in a small piece of 
hazel rod, but these are to be viewed as tempoiary expeaients, 
and inferior to the usual wooden handles turned in the lathe 
Very small watch files are fixed in handles no larger than di awing 
pencils and some few of them are roughened on the tang after 
the manner of a float, and fixed in by sealing wax or shell lac 

Several of the small files have the handles foiged in the solid, 
that IS the tang IS made longer than usual and is eithei paiallel 
or spread out, to seive for the handle as in a razoi strop, many 
of the watch files are thus made In the double ended iifHers, 
or bent files, fig 815 used by sculptors and caiveis, and in 
some other files, there is a plain part in the middle, fulfilling 
the office of a handle, and in several of the files and rasps made 
for dentists, farriers, and shoemakers, the tool is also double, but 
without any iiiteimediate pliin part so that the one end selves 
as the handle for the othei 

In general the length of the file exceeds that of the object 
filed, but in filing large surfaces it becomes occasionally neces 
b iry to attach clanked handles to the laige files oi lubbeis, as in 
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fig 816, m Older to raise the hand above the plane of the work 
Sometimes the end of the file is simply inclined, as in fig 817, 
01 bent at light angles as in 818 for the attachment of the 
wooden handles represented , but the last two modes prevent 
the second side of the file from being used until the tang is bent 
the leverse way The necessity foi bending the file is avoided, 
by employing as a handle, a piece of round iron ^ or f inch m 
diameter, bent into the semicirculai form as an arch, the one 
extremity (or abutment) of which is filed with a taper groove to 
fit th^ tang of the file, whilst the opposite end is flat and lests 
upon the teeth , in this mannei, both sides of the file may be 
used without any preparation 

Fig 819 lepresents in profile a bioad and bhort rasp with fine 
teeth, used by iron founders in smoothing off loam moulds for 
iron castings, this is mostly used on laige surfaces, to which the 
oidinaiy handle w ould be inapplicable, and the same kind of tool 
when made with coarsei teeth will be lecognised as the baker s 
lasp For some slight purposes ordinal y files are used upon 
laige surfaces, without handles of any kind the edges of the file 
itself being then grasped with the fingers 

Cibinet makeis sometimes fix the file to a block of wood to 
serve for the grasp and use it as a plane Thus mounted, the 
file may also be very conveniently used on a shooting board, in 
filing the edges of plates to be ml ud 

Fig 820 represents a very good anangement of this kind by 
Ml W Lund, a a is the plan and h the section of the file stock, c c 


b 



Fig 820 
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isthe plan of the shooting boaid and d its section Two files (that 
no represented black) aie screwed igainst the sides of a sti light 
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tai of wood, wliicli has also a wooden sole or bottom plate that 
projects beyond the files, so that the smooth edge of the sole may 
touch the shooting boa^d instead of the file teeth 1 he shooting 
boaid IS made in three pieces so as to form a gioove to leotive 
the file dust which would otherwise get undei the stock of the 
file the shooting board has also a wooden stop s faced with 
steel that is wedged and screwed into a gioove made across the 
top piece and the stop being exactly it light angles, serves also 
to assist in squaimgthe edges of plates or the ends of long bars, 
with accuiacy and expedition Mr Lund piefcis a flat file that 
IS fully cui\ed on the face, as neaily half the file then conies 
into action at every strol e 

Shoit pieces of files (or tools as neail} allied to saws), aic 
occasionally fixed in the ends of wooden stocks, in all othei 
respects like the routing gages of carpenters as seen m two 
views in fig 821 the coopers cioze, page 488, is a tool of tins 
description 

Files intended foi finishing the grooves in the edges of slides, 
are sometimes made of short pieces of steel of the proper section, 
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(see fig 822 ) cut on the surfaces with file teeth, and attached in 
various ways to slender lods or wires, serving as the handles, and 
extending beyond the ends of the slides Or the handle is at 
right angles to the file and foimed at the end, as a staple, to clip 
the ends of the short file, as in reaching the bottom of a cavity 
Files intended to leach to the bottom of shallow cavities aio 
also constructed as m figs 823 and 824 or sometimes an inch or 
more of the end of an ordinaiy file is bent some 20 or 30 dcgioes, 
that the remainder may cleai the margin of the recess 

To stiffen slendei files, they are occasionally made with tm oi 
hi ass hack=i as m figs 825 and 826 , such aic called clove tail 
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files, evidently from their similitude to dove tail saws and thin 
equalling files, are sometimes grasped in a brass frame fig 827, 
exactly like that used for a metal frame saw, by which the risk of 
breaking the instiument in the act of filing is almost annulled 

An equivocal analogy both to the file and saw, is to be 
observed in some of the delicate circular cutters, used in cutting 
watch wheels and other small works The teeth of such cutters 
are in many instances formed by cuts of a chisel the same as 
the teeth of files, and the axis of the cutter becomes, by com 
parison, the handle of the circular file 

SECT II G-ENEBAL AND DESCRIPTIVE VIEW OF TILES OF 

LESS USUAL KINDS 

Notwithstanding the great diversity in the files alluded to in 
the foregoing section, it is to be remarked that all those hitherto 
noticed are made entirely of steel, and their teeth are all pro 
duced in the oidinary mannei by means of the chisel and hand 
hammer in the present section, a few of the less usual kinds 
of rasps, floats, and files will be noticed, the teeth of which aie 
for the most part, produced by means diffenng from those 
already described 

The iiffleis, fig 815, used by sculptors, are lequiied to be of 
numeious cuivatures, to adapt them to the vaiying contoui ol 
woiks m marble In geneial the riffleis are made of steel in 
the ordinary mode, but they have also been made of wrought 
110 % and slightly case hardened, in which case the points of the 
teeth become converted into steel but the general bulk of the 
instrument lemains in its original state as soft iron conse 
quently such case hardened iifflers admit of being bent upon a 
block of lead with a leaden mallet, so that the aitist is enabled 
to modify their curvatures as circumstances may require 

Several kinds ot floats aie made with coarse, shallow, and 
sharp teeth, which are in section like fig 646, page 684 , these 
teeth could not be cut with the chisel and hammei m the ordinaiy 
manner, but aie made with a triangular file Tigs a to I, 828, 
lepiesent the sections of several of these floats, which have teeth 
at the parts indicated by the double lines foi instance, a is the 
float, h the giailU, c the found, d the carlet, e the toppei , used 
by the horn and tortoiseshell comb makers , parts of the names 
of which floats are coriupted from the Trench language, indeed 
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the ait was mainly deiived fiom Fiencli aitizaiis I be floats^ 
f to are used by ivory carveis foi the handles of knives, and in 


Figs 828 
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the prepaiatioii of woiks the eaiving of which is to be com 
pleted b} scoipeis and giaveis, k and Z aie used m inlaying 
tools in their handles k is made of vaiious widths, and is 
generall} thin long, and taper Z is moie like a key hole saw 
When the teeth of these floats have been formed with the 
triangnlii file, and made quite sharp the tools are fiist hardened 
and veiy slightly tempeied, just sufficiently to avoid fiacturem 
use hut when after a period the tools have become dull, they 
aie tempered to a deep oiange, or a blue, so as to admit of being 
sharpened with a tiiangulai file 

The laiger of the floats, such as those a to e, used by tlie 
comb maker*^, aie kept in order pimcipally by the aid of a bum 
ishei, repiesented in two views in fig 8^9, the blade is about 
2 inches long one inch wide, and -j-’-q iRcli thick the end is mostly- 
used, and ^\hlch is foicibly lubbed, first on the front edge of 
ever} tooth as at a fig 830 and then on the Lack as at h, h} 
whichmeansa slight bun is thiown up, on eveiy tooth, somewhat 
like that on the jomei^s scrapei , but in this ait the buimshci is 
commonly named a tuo n file When the teeth of the floats hav( 
become thickened fiom lepeated buinishiDg the tiiangulai file 
IS again resoited to, and then the bumislici foi afuithci penod , 
by these means the floats aie made to last a consuloiable time 
Thequannet is a float resembling fig 819, but luvnigeoaibe 
filed teeth, of the kind just described it may be consideicd as 
the ordinary flat file of the lioin and toitoibcshell comb makeis, 
and in using the quannet the work is mostly laid upon the kue< 
as a support An ingenious aitizan m tins blanch. Mi Michad 
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Kell} , invented the quannet represented in igs 830 and 881 
The stock eon sists of a piece of beech wood in which at inter 
valb of about one qnartei of an inch, cuts inclined neaily 30 
degrees with the face, are made with a thin saw, eveiy cutis 
filled with a piece of saw plate The edges of the plates and 
wood aie oiiginally filed into the regular float like form, and 
the buinisher is subsequently lesoi ted to as usual The mam 
advantige results from the small quantitj of steel it is necessaiy 
to opeiate upon, when the mstiumeiit requires to heiestoredwith 
the hie Fiom this ciicmnstance and also fioin its less weight 
the wooden quannet, fig 830, is made of neaily twice the width 
of the teel mstmment, fig 819, and the face is slightly rounded, 
the teeth being sometimes inserted square across, as in a float, 
at other times inclined some 30 degrees as m a single cut file 
Amoie elaborate hut less available, instrument was invented 
hy Mr White, iirohably during his residence in Fiance, about 
the time of the Resolution (1793) It consisted of numeious 
paiallel plates of steel, which weie placed 'veiticnlly and in con 
tact something like a pack of naiiow caids and were fixed in 
that position in an appiopnate fiame and as the edges of the 
plates were all bevelled, they constituted a single cut file The 
most curious pait of the contiivance was the ingenious mode of 
cliamfeiing the edges \s foi this puipose the plates were loosened 
and arranged m a sloping direction, so that the chamfeis then 
lay collectively in one plane, winch was giound either on a 
guild stone, oi a lead lap fed with emciy the plates veie re- 
placed perpendiculaily befoie use Means were also desciibed. 
for placing the steel plates square acioss the insiiuinent as in a 
float, or inclined to the light oi left as in a file, according to 
the mateiial to be wi ought and a diawmg is also given of a 
ciicular float of similar natme foi cutting dye woods into small 
fragments Whitens ‘ pe7petml file, with moveable plates, is 
however scarcely known, audit is vei] questionable if it ever 
obtained more than the experimental appLcation which led to 
its description having been published * 

The cutting of files hy machinery is an opeiatioii that has 
engaged the attention of many poisons, and the eailiest attempt 

Publislied in JD(.scn 2 )U 07 ii> des Muchviies et JPiocidis specifiSs dam les Brevets 
dlnventim &c JPar M Ohi istian Pans ito 1824 Ponie 6 p 33 Patent 
dated b Jan 1795 
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at the process that has come under the author’s notice is that 
of Thicmt a%ne which was figured and described in a woik by 
his son in 1740 and this machine being based on the manual 
process m all probability differs but little in its geneial features 
fiom most of those of moie recent projectois 

According to the drawings referred to, the file is attached to a 
screw slide, which is suspended at the ends by pivots and coveied 
with a thin plate of tin , the slide rests upon a stationaiy anvil, 
and IS actuated bj a guide screw, which is moved at inteivals, 
the space from tooth to tooth bj a pm wheel for which the 
ratchet wheel would he now substituted The chisel is held by 
a jointed aim, beneath which is a spring to tliiow up the tinsel 
fiom off the file, the moment aftei a drop hammer, which is also 
fixed on a joint, has indented the tooth The movements of the 
slide and hammer are each repe ited at the piopei intcivals, in 
every revolution of the w inch handle, by which 1 hiout s matliiiie 
IS represented to be worked * 

The practical introduction of machineiy for cutting files 
appears to be due to a Trenchmaii of the name of Raoul, at 
about the close of the last centuiy but the desciiption of the 
machine has not been published, and the manufactuie is now 
earned on by his son, some of whose files are m the possession 
of the author They are certainly beautiful specimens of woik 
manship being moie strictly regulai, and also less liable to clog 
or pin when in use than files cut by hand, as usual 

His manufactuie is piincipally limited to watch files with flat 
sides and meisurmg fiom 4 of an inch, to 5 or 6 inches long 
When magnified, the teeth of the files cut either by hand or 
machinerj ippeai as nearly as possible of the same chaiactei I 

Machines have been recently constructed in England foi 


* SeeThiOuts Tiatte de I SmUgerie Pans 1740 Tol i pa^o 81 plates 33 
-ind 34 

f Mr Raoul was rewaided foi his files by the Lifc^c dis A)t*i an msiituiion tli it 
no longer exists hut which was founded soon aftei the I renoli Revolution foi tlu 
rewaid of national di coveries and improvenoents 1 lom the Report of the I ju luii 
of Arts it appears that on the lOthlhernfiidor yeai 8 of the Rcpnblio (July 1800) 
an honoiary crown was decreed to Citizen Raoul for tho perfection of Ins hks 
And on a subsequent page of the report is given tho opinion of a Coinnuttco 
appointed to examine into the comparative merits of liaouls files fiom wbicb 
report it appears they were pronounced by the Committee to he equal and even 
supenoi to the best English files 
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cutting both large and small files, and half a dozen or more at 
a time ^ The details of the machines display gieat ingenuity 
and skill, especially in the arrangement foi holding the blanks 
and the chisels, and also in the intioduction of templets and 
othei mechanism by -winch, in cutting taper files, the hammer 
lb less laisecl in cutting the ends of the file than at the middle 
so as to propoition the foice of the blow to the width and depth 
of the cut at diffeient puts of the file Two machines y ere 
used for double cut files the bed of the one inclined to the right, 
of the otliei to the left, to give the diffeient hoiizontal inclma 
tions pioper to these teeth, and a machine with a stiaiglit bed 
was used for single cut floats andfoi round and half round files 

Considerable difficulty was at fiist experienced in the manage 
ment of the chisels, winch weie then veiy frequently broken, 
but with moie dexteious management it is ultimately considered 
that the chisels last foi a longei time in the machines than 
when used by hand The machines make about 240 stiokes 
in the minute, oi thiee times as many as the file cuttei , with the 
advintige of neaily incessint action, as unlike the aim of the 
workman, the machines aie unconscious of fatigue, moreovei, 
to save the delay of adjustment two bedo for the files aie 
employed, so th it the one may be filled whilst the blanks in the 
otliGi aie being cut and two fiames foi the cliioels aie also 
alteinatcly used Taking all these points into account, each 
machine is coiisidcied bj the piopiietois neaily to accomplish 
the woikof ten men huttheieaievaiiousdiawbacks that prevent 
under oidiiiary ciicumstances, any gieat commercial advantage 
in the machine ovei the hand process fiom which considerations, 
the pitent file cutting machines aie not at present used 

In concluding this section, there remain to he intioduced, two 
piopositions for the manufacture of files, suggested by a very 
talented and philanthropic member of the scientific world, the 
late Sir John Robison K H , F E S E , late President of the 
Royal Scottish Society of Arts, &c , namely, his methods of 
making curvilinear files, and of cutting flat files with very fine 
teeth The subjects cannot be better stated than by quoting 
Sii Johifls coiiespondcnce with the authoi , speaking of the 

* Captain Eiiccson s Patent Pile Cutting Machines specified 1836 constructed 
hy Messis Braitliwaites o{ London and earned into practical effect by Messrs 
Turton & Sons of Sheffield 

8 I 



842 siE JOHN bobison’s cxjevilinear files, and 

curvilinear files of the section Q , page 821, he introduces the 

subject as follows . i i x 

‘‘ I have just entered on a new project, of which I should be 

glad to know what you think Having always found difficulty 
m filing hollow surfaces from the scratches which the irregular 
cutting of even the best half round, or round files leave in the 
work, in spite of every care, I was latelj led to consider whethet 
half round, or even round files, might not he made as perfect in 
their cuttmg as flat ones It has occurred to me, that this object 
may he attained by cutting flat strips of rolled steel plate on one 
side, and then squeezing them into the desired curve by a screw 
press, and a block tin or type metal swage and in the case of the 
round file, by pressing the plate round a cylindiical mandrel 
I do not think that the files made in this way should cost 
moie than those now made, as the surface would he cut by two 
courses of cuts (as fiat files are), instead of the numerous courses 
required to cover the surface of round files, the saving in this 
respect would make up for the time required in bending the 
plates « » * * 

A valuable addition to Sir John’s proposal occurred inciden 
tally, Messrs Johnson and Oammell, to whom the scheme was 
communicated in the haste of putting it to trial, took a thin 
equalling file that had been previously cut on both faces The 
equalling file w as softened, bent, and re hardened and this pro 
dueed a file, the convex and also the concave surface of which 
wereboth useful additions to thetools of the general mechanician 

But it was found that with a plate of equal thickness, the 
central pait bent more easily than the edges, making the curve 
irregular This was successfully obviated by making the blank 
thinn er and more flexible at the edges, somewhat as a half lound 
file, and m which case the bending was quite successful, and the 
section became truly ciicular * 

Sir John Robison’s second project m respect to the manufac 


* The Society for the Encouragement of Arts of London bestowed its silver 
medal on Sir John Robison for his invention of the cuived file which distinction 
it IS to be regretted arrived as a posthumous honour (See Trans Soc of Arts 
voLhv p 128 ) And the Royal Scottish Society of Arts presented in November 
184:S a silver medal to Messrs Johnson Cammell and Co for the skilful mannei 
m which they had earned out and perfected the above scheme, and introduced the 
curved files as a regular article of manufacture (See the official report m the 
Edmhurgh New Philosophical Journal for January, 18^4 p 86 ) 
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tuie of files, refcis to a new mode of forming the teeth of veiy 
fine files, otherwise than by percussion , and without dela3ing 
the leader by referring to the eailier correspondence on the 
subject, the author gives a short extract from a letter received 
a few daj s before Sir John s death, and also the contents of the 
packet theiein lefeired to 

Lest my medical feiends should be mistaken, and this malady 
increase so as to pi event my communicating my pioject for cut 
ting fine files, I shall now make out a memoiandum of my ideas 
on the subject, and making a sealed packet of it shall enclose it 
to you If I get better and leach London, we can discuss the 
matter together, and if I am put hors de combat, you will con 
sider it your own ^ ^ ^ % 

‘ It appeals to me that the graver may be applied with good 
effect in cutting the teeth of the finer classes of flat files, and that 
if a number of steel blanks were firmly embedded on a platform 
similar to the bed of a planing table, and made to move forwaid 
in their own plane by a miciometer screw then if an equal num 
her of gravels weie to be fixed in a frame to he over the plat 
form, so that each graver point should be in a certain relative 
position to one of the blanks on motion being communicated 
to the frame m a propei duection and to a distance a little ex 
ceeding the bieadth of the blank a line would be ploughed out 
of the suiface of each blank If the fiame were then brought 
back to its first position, and the platform advanced or receded 
by the micrometer screw, a second movement of the cutter frame 
would produce a line parallel to the first and so on in succession 
“If the points of the graveis, instead of being set to cut 



equilateial grooves as at A, were inclined so as to cut them as 
at B, then, by a proper proportioning of the depth of the cut 
and the progressive movement of the platform a regular cutting 
tooth of gieat shaipness may be given to the file 

“ The movement to be given to the graver fiame may be an 
oscillating one round a distant center so that the short arc of 
the teeth may be sensibly a straight line 

“It IS evident that the sharpness and smoothness of the 

3 I 2 
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engraving must depend mainly on the way in 
IS presented to the work and experience shows that the position 
of the tool m the hand of the engiavei is the most favouiah e, 
both to the production of clean lines, and the pieservatioii of the 
point of the tool , the graver must he supported endways and 
not alone hj fastenings in its middle, like the tool of a planing 

maclime, or a slide rest cuttei 

‘ Ihe means of regulating the depth of the cut and the other 
arrangements of the paits of such a machine, wou ( o couise 
require consideiation bj engr-veis and piactical mechanics 

‘ (Signed) Toiin Robison 

^Edinburgh VjthFehruaoy 1843 


The authoi much regrets that the multiplicity of his engage 
ments and especially those connected with these pages, should 
have pi evented him putting the above pioject to expoiimoutal 
proof but he would be well pleased to hear that the subject had 
been brought to successful issue by any peison more favoui ably 
situated for can j mg out the suggestion* 


SECT III — PEELIMINABY EFIMAEKS ON TJSINC- TILl S, AND ON 
HOLDINC WOBKS THAT ABE TO BL TILED 

The use of the file is undoubtedly moie difidcult than that of 
the geneiality of mechanical tools and the dif&culty aiisos fioin 
the circumstance of the file possessing, but in a vciy infeiioi 
degree, the gmde principle the influence of which piinciplc, in 
all tools from the most simple cutting tool used by hand, to the 
most complex cutting machine or engine, formed the subject 
matter of the inti oductory chapter of the pi esent volume The 

compaiative facility of the manipulation of turning tools, was 
shown to depend on the perfection in which the guide piincipk 
exists in the turning lathe It was further stated at page 1 08 — 
“ The guide principle is to be tiaced in most of oui tools , in 
the joiner s plane it exists m the form of the stock oi sole of the 
plane, which commonly possesses the same superficies that it is 
desired to produce For instance, the caipenter s plane used foi 


^ Since 'wntmg the above the author learns that Captain Fnccson tiiod some 
expenments on cutting file teeth as with a giaver but that he was led to con 
sidei the mode less practical than that of cutting teeth by percussion The subject 
appears, hovever to deserve more extended trial 
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flat surfaces is itself fl it both in length and width, and theiefore 
fuiinshes a double guide liie flat file is somewhat under the 
same circumstances, but as it cuts at every part of its suiface 
fiom thousands of points being grouped together, it is more 
tieacheious than the plane, as- regards the surface fiom which 
it derives its guidance and from this and other reasons it is fai 
inoie difficult to manage than the caipentei s plane 

Ihese points are lecalled not to impress the amateur with the 
idea that the successful use of the file will be to him unattun 
able, but rather to call forth such a measuie of perseveiance as 
may enable many to arrive at a piactice which is confessedly 
difficult It IS proposed in the present section to notice certain 
pielimmary and general topics, before attempting, in the next 
tin ee sections, to convey the instructions for manipulating the file 

Commencing with the position of the work, it is in all cases 
desirable that the surface to be filed should be placed horizontally^ 
and the general rule for the height of the work above the ground 
is that the suiface to be filed should be neail} level with the 
elbow joint of the woikman, and which may be considered to 
range with diffeient individuals fiom forty to fort} five inches 
from the ground Some latitude is howevei lequiied in lespect 
to the magnitude of the works as when they aie massive, and 
much IS to be filed oif fiom them, it is desnable that the 
woik should be a tiifle lowei than the elbow , when the woik is 
minute and delicate, it should be somewhat Ingliei, so that the 
e} e may be the better able to add its scrutiny to that of the sense 
of feeling of the hand upon which piincipally the successful 
piactice depends Ihe small change of height is also in agree 
meiit with the three diffcient positions of the individual in the 
act of filing , for instance 

Fiistly In filing heavy woiks, or those which require the 
entiie muscular effort, the file vanes from about 12 to 24 inches 
long, and the length of the stioLe is from about 10 to 20 inches, 
01 neaily the full length of the file The opeiatoi stands a 
little distance fiom his woik, with the feet separated about 30 
inches which somewhat loweis his stature he grasps and thrusts 
the handle of the file with his light hand, and beais forcibly near 
the end of the file with that pait of his left hand which is conti 
guous to his wrist, so as to make the file peneti ite the work, oi 
hang to it The geneial movement of the person is then an 
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alternation of the entue frame upon the knee and ankle joints 
the aims being compaiatively fixed to the body, the momentum 
of which IS applied to the file 

Secondly In filing woiks of medium size the file vaiies from 
about 6 to 12 inches, and the length of stioke is from about 4 to 
9 the operator then stands neaiei to the woik and quite erect, 
with his feet closer together Ihe right hand grasps the hit 
handle as before hut the extremity of the file is now held hetwee n 
the thumh and the fiist two fingers of the loft hand, and the 
general moyement is that of the aims, the body being coinpaia 
tively at rest 

Thiidl} In filing the smallest woiks the file is less than 
6 inches long and the stroke does not exceed 5 or 4, and soiut 
times IS not one tenth as much When the work is fixed, the file 
is still usually held in both hands as last described, butfiequeutl) , 
in fact more geneially, the file is managed with the light hand 
alone, the forefinger being stretched out as in holding a caiving 
1 nife and the work is held upon the suppoit oi filing block with 
the left hand, as will be explained Ihe act of filing is then 
accomplished by the movement of the elbow, or even of the 
fingers alone, but so little is the body moved, that the workman 
IS usually seated as at an ordinal y table 

It IS apparent and also true, that the most direct way of pro 
ducing a flat suiface with the file, would he to select a file the 
face of which was absolutely flat, and that should be moved in 
lines absolutely straight, but theie aie certain luteiferenees that 
prevent these conditions being earned out First although it is 
desirable to employ files that are as neaily straight as possible, 
and that aie also fixed straiglitly in then handles yet vciy lew 
files possess this exactitude of foim and although in the attempt 
to attain this perfection, some files are planed in the engineei's 
planing machine before being cut with teeth, still the cutting 
and the hardening so far invalid ate this pi aetice, that few even ol 
these planed files can retain their peifect stiaightness, and cithc i 
both sides become in a small degiee iriegulaily toituous, oi the 
sides become respectively concave and convex Iheiefoic, as 
for the sake of argument, it may be almost taken foi giantc d 
that no files tiuly possess the intended foi in, it is better pm post ly 
to adopt that kind of iriegulaiity, which the least mteileics 
with the geneial use of the mstiument 
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The file, if concave or hollow m respect to its length, in the 
manner coaisely exaggerated in fig 833, might he used for 
works of corresponding convexity but it would he impossible 
to file a flat surface therewith, as the concave file would only 



touch the surface at its edges, but the convex side of the same 
file might, as in fig 833, be made to touch any and every part 
of the surface if moved in a right hne On this account most 
files aie made thicker and wider in the middle, or with both 
faces convex, and the error of hardening will then rarely make 
either side concave but will leave both faces convex, although 
differently so , and consequently, both sides notwithstanding 
some irregulaiity, aie usable upon flat works, piovided the 
operator can move them in a right line across the work 

In reference to the manipulation of the instrument, it is to 
be observed that the most natural movements of the hand and 
arm are in circular lines, the severaljoints of the limbs being the 
centers of motion but, as in filing a flat surface, it is needful 
the hands should move very nearly in right hnes, a kmd of 
training becomes necessary 

If, however, the file were carried quite straight across a wide 
surface, the central part of the file would be alone used , but as 
the contmual effort of the individual is to feel that the file lies in 
exact contact with the surface bemg filed, the hands imperceiitibly 
depart so much from the exact rectilinear path as to bring all 
parts of the file from point to heel into use 

Again, it might be urged that the file, fiom being itself in the 
form of the arc of a large circle, would reduce the work to the 
counterpart form, or make it hollow in the opposite degree , it is 
tiue this IS the tendency, and may by dexterity become the 
result, even on nairow pieces , but the contraiy error is more 
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common, SO that tlie surface of the woik becomes lounded instead 
of concave or plane 

If the surface to be filed is four or five inches oi more in 
width the risk of departing from the tiue figure becomes 
reduced as the file has then a wide base to rest upon, and the 
pressure of the hands leadily presents any material departure 
from the right position of the file , but the difficulty becomes 
greatly increased when the suiface to be filed is nariow 

The file held in the two hands upon the narrow woik miy 
be then viewed as a double ended level, oi as a scale beam 
suppoited on a pi op and the vaiiation in distance of the hinds 
fiom the woik or x>iop gives a disposition to rotate the file 
upon the woik, and which is only countei acted by h ibit or 
expel lence 

Assuming, foi the moment that m the three diigiamsthe 
veitical pleasure of the right hand at ^ and the left at I to 
be in all cases alil e, in fig 834, or the beginning ol the stioke 
the light hand would fiom acting at the longei end of the lever 
become depressed, m fig 835 oi the cential position, the 
hands would be in equilibiium and the file horizontal , and in 
fig 836, or the end ot the stioke, the left hand would prepon 
derate, the three positions would inevitably make the work 
round in place of leaving it plane oi flat 

It IS true the diagrams aie extravagant but this rolling action 
of the file upon the work is in most cases to be observed in the 
beginner, and those practised in the use of the file have peihaps 
unconsciously, acquired the habit of pressing down only with the 
left hand at the commencement, and only with the right hand at 
the conclusion of eveiy stioke , or negitively tint they have 
learned to avoid swaying down the file at either extieme, and 
which bad practice will necessaiily result, if the opeiator have 
not at first a constant wateh upon himself, to feel that the file 
and work are always in tiue contact, throughout the variable 
action of the bands upon the instiument 

When the woik is fixed in the bench or table vice, the file is 
almost always managed with both hands, as above deseiibed, but 
when the file is held in the one hand only, all the ciicumstanccs 
aie altered, except the continued attempt to keep the woik and 
file m accurate juxta position , and to assist in this, the work 
when so small as to be filed with the one hand only is almost 
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iHvaiiably lield on the filing block with the leftliTiid occasionally 
thiough the intervention of a hand Yice, as m fig 858 page 8G2 
In this case the two hands act in concert the right in moving the 
file, the left m adjusting the position of the work, until the mdi 
vidual IS conscious of the agreement m position of the two paits 
Sometimes indeed the paitial lotation of the woik, in oidci 
to adapt the work to the file, is especially piovided foi, so as 
to compensate foi the accidental swiying of the file such is the 
case in the \aiious kinds of swing tools, used by watclimakeis in 
filing and polishing small flat works A similu end is more 
i uely obtained on a larger scxle, when the file is lequiied to 
be held in both hands Foi example, filing hoards resembling 
fig 837, and upon which the woik is placed have been made 



to move on two pivots, somewhat as a gun moves onits tiunnions , 
consequently the woiks when laid upon the swinging boaid, 
assume the same angle as that at which the file may at the 
moment be held 

A more common c ise is to be seen in filing a rectangular mor 
tise, or key way, thiough a cjlmdiical spindle, as m fig 838 , 
the hole is commenced by dulling thiee or four holes, which aie 
thrown into one by a cioss cut chisel, or small lound file , and 
the woik, when nearly completed, is suspended between the 
centers of the lathe, so that it may freely assume the inclination 
of the file At othei times th^ cylinder is laid in the interval 
between the edges of the jaws of the vice, that aie opened as 
much as two thuds the diameter of the object, which then simi 
lailyrotatesonthesuppoitingedges this mode is shownin fig 839 

These three applications arc objectionable in some instances, 
IS the file IS left too much at liberty, and the woiks are liable to 
be filed hollow instead of flat, especially if the file be rounding 
because the unstable position of the woik prevents the file fiom 
being constrained to act on any particular spot that may require 
to be reduced 
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Some general remaiks will be noi/v given on cei tain practices 
in respect to economising the wear of files , and these will be 
followed by other i ©marks on the modes of holding woiLs that 
are to be filed prior to giving in the next sections, the piactical 
mstructions upon filing 

The exterior surfaces of iron castings are usually more or less 
impregnated with the sand of the foundiy moulds, which is veiy 
destructive to the tools , and this is in many cases removed 
by pickling them with dilute sulphuiic acid, which dissolves a 
little of the metdl, and undermines and loosens the sand^ as 
explained in vol i , p 375 lion castings become moreover 
superficially hard from coming m contact with the moist sand of 
the foundry mould , so that a thin but haid skin envelopes the 
entire object to the depth of the twentieth or thirtieth of an 
inch, and as this is very injuiious to the files, it is usually 
chipped off with a chisel and hammei , the pickling is then less 
lequired 

The ordinary chipping chisel is about six or eight inches long, 
andthiee fouiths of an inch broad on the edge, which is a little 
convex, that the corners may not be liable to dig into the work 
The bevils aie ground to meet at an angle of about 80 degices, 
and the hammer used with the chipping chisel varies from about 
two to thiee pounds in weight Before commencing to chip the 
work it IS usual to rub both the face of the hammer and the end 
of the chisel upon the bench or floor to remote any grease and 
leave them biight and clean, as were either of them gieasy there 
would be risk of the hammer glancing off and striking the 
knuckles A blow is first given with the hammer upon the angle 
of the woik, to make a little facet upon which the first chisel cut 
IS made, about the thirtieth of an inch below the general suiface 
of the casting the chisel being then only laised some 30 degiccs 
above the horizontal line In continuing the cuts the chisel is 
elevated to about 15 degrees, the blows aie given in quick sue 
cession, and the cuts aie led gradually over the entiie suifacc, 
the advance being alwaj s upon a line that is convex to the chisel 

Provided the casting is moderately flat, the edge of the chisel 
IS kept at one uniform distance below the general suiface of the 
work which is occasionally examined with the straight edge 
Should the surface of the casting present any lumps or iiregu 
laiities of suiface, a thickei chip or two thm chips are removed 
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from such high paits, to lessen the subsequent labour of fi.lmg’ 
hut which process is much less destructive to the file after the 
hard sand coat has been removed by acid from the iron 

In some massive works, and also in cases where large quanti 
ties have to be chipped off certain parts of castings, much laiger 
chipping chisels are used, which aie called chisels, they 
commonly exceed one foot in length, andare proportionally stout, 
one man holds the chisel m both hand^ sometimes by means of 
a chisel rod for greater secuiity, whilst another strikes with a 
light sledge hammer Where much has to he removed, it is also 
usual to employ cross cwtt%ng chisels , these are about seven or 
eight inches long, a quaitei of an inch wide on the edge, and an 
inch hioad in the other dnection, the cross cut chisel is first 
used to cut furrows, half oi three quarters of an inch asunder, to 
the full depth of the parts to he removed, and the intervening 
ndges are then easily bi oken off with the ordinary chipping 
chisel, hut since the general employment of the planing 
machine and others of the engmeer^s tools, the chipping chisels 
aie scaicely required When non castings are so near to their 
lequired dimensions, that chipping would remove too much, they 
aie either cleaned with a nearly worn out file, oi the outer coat 
is removed on the grindstone, means that are much less wasteful 
of the material 

Wrought iron is hut seldom pickled previously to being filed 
but is either cleaned with an old file, or is ground on a stone to 
remove the outer scale oi oxidised suiface the chipping chisel 
is only m general requii ed when the nature of the work pre 
vents it from being forged so nearly of the required form as to 
bring it properly within range of the file 

Bi ass and gun metal are, as already noticed in the first volume, 
p 375, sometimes pickled but with nitiic acid instead of the 
sulphuric acid which is employed for non and biass is com 
monly hammered all over to increase its density, unless a minute 
quantity of tin is added, say a quarter or half an ounce to the 
pound, which mateiially stiffens the alloy, so as to reiidei ham 
meimg as unnecessary as it is with good gun metal 

After a file has been used foi wrought iron or steel, it is 
less adapted to filing cast iron or brass, which require keen 
hles,theicfore to economise the wear of the mstiument, itis used 
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for a time on biass or cast non, and when paitially worn, it ib 
still available foi filing wi ought non oi steel, wheieis, had the 
file been fiist used on these haidei mateiials it would have been 
found compaiatively ineffective foi biass and cast non 

As a fuither measuie of economy the jiiessuie on the file 
should be always relieved m the back stioke, which otheiwise 
only tends to wear down or break off the tops of the teeth as 
then formation shows that they can only cut in the oidinaiy oi 
advancing stroke , the file should, m consequence, be neaily 
lifted fiom the woik in drawing it back but it is not usual 
actually to laise the file off the work as it then becomes needful 
to wait an instant before the next sfcioke to ensuie the tiue jposi 
tion of the file upon the woik being resumed wheieas if it is 
biought back with mconsideiable piessiiie the file is not injuiecl, 
and the hand still retains the consciousness of the tine contact 
of the file and woik, without which the mslLument is used with 
fii less decision and coiiectness than it otherwise would be 

Some woikmen smooth the woik b^^the method called chaiv 
filing 01 by diiwing the file sideways along the woik using it 
m fact as a spoke shave instead of a file this ceitainly has the 
effect of smoothing the woik because in that position the file c an 
only make slight and closely congiegated sciatches,but the teeth 
will not cut in this mannei Anothei mode sometimes employed 
IS to cull the woik vith the file, by describing small ciicles with 
the instiument as in giinding oi polishing but neithei of these 
piactices employs the file teeth in the mode in which they aio 
legitimately adapted to cut and no gieit leliance should be 
placed upon them "When smooth smfices aie lequiied, it is a 
bettei and quickei piactice, as the woik idvances towaids com 
pletion to select files tint ue giadually finei but always to use 
them fioni point to heel 

When it is desiied to make the smooth files cut wi ought non 
steel, and othei fib) oils metals a ciy smoothl}, the file is used with 
a little oil to liibiic itc the siufice, so tint it may not penctiate 
to the same degiee as it would if used diy the oil also lessens 
the disposition to the scratching and te iiing up of the p ii tides 
which should it happen mostly pioduces a luiiow oi sci itch, 
especially if the file be jginny a circumstance no w to be expl ained , 
but the oil should not be used on the coaisei oi piepaiatoiy files 

Ihe ipaiiiclcs icmoved fiom the m iteiials opeiated upon, uc 
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rilwiys nioie oi less liable to clog the file but which, pTiticularl} 
when the instiiimeiit ib dr}, uie paitially removed by giving the 
edge of the file a model atel} smait blow on the chaps of the vice 
01 the edge of the bench but particles of wrought non, steel, 
and othei fibious metals aie pt to pin the file, oi to stick in so 
bud as to requiie to be picked out with a pointed steel wne, 
which is lun thiough the furiow in which the pin is situated 
ihe maiking point used in setting out woiks is commonly 
employed foi the purpose 

Files are sometimes cleaned with \ scicitch hfiish, which is a 
cylmdiical bundle of fine steel oi buss wne bound tightly in 
its cential pait, but allowing the ends of the wne to protiude 
at both extremities as a stifi biush Occasionally also, a sciaper 
is used, 01 a long stiip of sheet hi iss about an inch wide, a 
sm ill portion of the end of which is turned down at right angles, 
and thinned with a hammei the tlnn edge is then drawn 
forcibly thiough the oblique fuiiows of the file, and serves as 
a 1 ike to lemove in} particles of metal that lodge therein 
But the best and most rapid mode of cleaning the file, is to 
nail to a piece of wood about two inches wide, a strip of the so 
called cotton ca'id, which is used in combing the cotton wool 
piepaiatoiy to spinning the little wne staples of the caid that 
aie fixed in the leather constitute a most effective brush, and 
answer the pin pose exceedingl} well Somewoikmen to lessen 
the disposition of the file to hold the file dust oi become pinny 
lub it ovei with chalk , this absoibs any oil oi grease th it maybe 
on the file and in a consideiable degiee fulfils the end desired 
To remove wood dust from files floats, and lasps, some per 
sons dip them for i few moments into hot water, and then bi ush 
them with a stiff biush the water moistens and swells the wood, 
theieby loosening it, and the biush entiiely lemoves the 
tides , the heat given to the file aftei w iids ev ipoiates the tiiflmg 
quintity of moisture that lemains, so as to avoid the formation 
of rust This plan, although effective is neither general nor 
important ___ 

ihe principal methods of fixing woiks, in oidei to subject 
them to the action of the file will be now noticed Many oi 
the massive parts of machineiy are so heavy, that gravity done 
IS sufficient to keep them steady under the action of the file, and 
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for sucli as these, it is tlieiefore only needed to prop them up 
in any convenient manner by wedges trestles, oi otliei suppoits 
so as to place them conveniently within reach of the operatoi 
But the gieat majoiity of woiks are held in the well known 
implement, the smithes bench vice, or tail vice, the general foim 
of which IS too familial to require description but the annexed 
figuies represent the front and side views of a less known modi 
fication ot the same, called a ta;pei vice^ which presents some 
peculiaiities, and is occasionally emploved by engineers 

The taper vice, figs 840 and 841 is made principally of cast 
iron and to include within itself the base whereon it stands that 
has at the back two small non trucks or rollers, so that when 
the vice is supported upon them alone, it may be easily rolled 
from place to place notwithstanding its weight The front limb 
of the vice moves on the joint the back on the joint 6, so as to 


Tigs 840 841 



grasp either wide or narrow pieces but it is by this airangement 
adapted alone to objects that are parallel, which condition, it is 
true IS more usually lequiied But in the present apparatus, if 
the javs are closed upon a tapeo object, a form that frequently 
occurs in steam engines and similar woil s the two parts of the 
vice swivel horizontally on a joint, the ixis of which is on the 
dotted line c so as to place the jaws at an angle corresponding 
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witli that of the woik , m fact the louver pait oi pe'lestal of the 
vice IS jointed, somewhat like the front axletiee of a caiiiage 
Under ordinary cncumstances, however, the screw and nut of 
such a vice would hear very imperfectly upon the moving parts, 
owing to their obliquity but this objection is met by cutting a 
spherical recess in the outside of each half of the vice, and 
making the collai of the screw part of a sphere to constitute a 
ball and socket joint, and also by making the nut a perforated 
sphere, adapted to a spheiical cavity oi seat, but with a feather 
to prevent it from turning round The two bearings of the 
screw thus accommodate themselves at the same time, both to 
the horizontal and vertical obliquities of the jaws To constrain 
the two parts of the vice to open in an equal degree, there aie 
two links that are jointed to a collar that slides freely on a 
cj linder, which latter is in fact the continuation of the j oint pin 
c and to the collar are also attached the two springs that open 
the limbs of the vice when the screw is relaxed This useful 
apparatus is well adapted to its paiticular purpose, such as the 
larger pieces of steiin engines, and similar machinerj 

The oidinary tail vices oi standing vices for heavy engineer 
mg and large woiks sometimes exceed 100 lbs in weight but 
the average weight of tail vices, for aitisans m general is from 
40 to GO lbs , and of those for amateurs, from 35 to 35 lbs 

The bench foi the vice usually extends throughout the length 
of the engineoi s shop or vice loft and is seemed against the 
windows The tail vice is strongly fixed to the bench at the 
required height, and the tail that extends downwards is fixed 
in a cleet nailed to the floor, or against one of the legs of the 
bench which latter mode is desirable as the vice is then in 
better condition to resist the blows of the chisel and hainmei 
which give use to much more violence than the act of filing 

Amateurs sometimes employ portable rice benches, having 
nests of drawers for containing the files and other tools, or the 
vice IS attached to the right hand side of the turning lathe, less 
frequently the tail vice is attached to the nlamng bench, but it is 
then requisite it should admit of ready attachment ind detach 
merit to leave the plming-bench at liberty for its ordinary 
application 

Fig 843 represents a very convenient mode of mounting the 
till vice upon a tiipod stand of cast iron, which indeed is in 
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mn.li} cises preferable to tlie wooden bencbcs, ns, nlthougli smnll, 
it is sufficiently henvy to ensure firmness, especially as, fiom 
having onl} three points of support, ill aie sine to touch the 
giouncl The tiipod leidily admits of being shifted about to 
suit the light and ilso of tempoiaiy change of height by lifting 

pieces added to the feet when 
the work is required to be 
iieaiei to the eye of the ope 
latoi The tiipod pedestil 
selves additionally for the 
occasional support of a small 
anvil (when not leqimed 
for foigmg) and also for a 
paling knife fig 8 page 
26 Yol I), when an ippio 
piiite wooden cutting block 
is added to the tiipod 
The table-vice mostl} used 
b} watch makers and similar 
aitizans, resembles that 
shown m figs 813 and 814 
It IS attached to the table by 
a clamp and screw, which are 
aimed with teeth to give a secure hold, but it is usual to glue a 
small piece of wood on the table to receive the teeth, and also 
to pi event the lodgment of small pieces of the woik at that pait, 
and the woil table Ins also a ledge around it, to prevent the 
woil 01 tools from rolling off It will be also perceiied, that 
the cl imp IS suimounted by a small square projection a used 
as a stal e oi anvil and that the jaws of the \ice hive centei 
holes on one or both sides foi the employment of small centei 
dulls that aie too delicate for the breast plate, after the mode 
desciibed m i age 553 of the present volume 

It IS m all cases desiiible that the jaws of vices should be 
exactly paiallel, both with the edge of the bench and with the 
ground in oidei that the position of the work may be instinctively 
1 nown but the tail vice and bench vice are liable to various 
objections that aiise from then opening on a center, oi as a 
hinge foi although the jaws are almost parallel when closed oi 
then nip in pieference at the upper edge, when opened widely, 


Fig 842 
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the latlial position of the jaws causes the lowei edges alone to 
giasp the woik, and as in addition, the fiont jaw moves in a 


843 a 
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cncular aic, a wide object, on being fixed is necessarily thi own 
out of the horizontal into an inchned position each of which 
imperfect conditions is shown m fig 844 

ihe inclination of the two limbs of the vice, likewise depie 
dates the contact of the screw and nut this is sometimes 
remedied by a modification of the ball and socket already de 
sciibed A more simple mode is the employment of a washer of 
the foim lepiesented at tc, fig 843, which is placed beneath the 
sciew the folk embraces the lower extremit} of the curved jaw 
of the vice, and the washer being thickest in the centei rolls so 
that the flat side alwaj s touches the entiie surface of theshouldei 
of the sciew and the cential and bulged part of the washei 
touches the limb of the vice and causes the pressure to be nearly 
cential upon the screw, instead of as in fig 844 against the 
upper edge of the collar of the screw, which is then liable to be 
bent and strained lire box or internal screw h fig 842 in which 
the screw pm works, has also a power of adjustment or hinge like 
rotation, winch ensures, here likewise, centrality of pressure 
This mode is extremely simple, and worthy of general adoption 
The inconveniences common to vices opening ladially on a 
joint pin, are completely removed in those opening on straight 
slides , these aiecalled pai allel vices, because the surfaces of then 
]iws or chaps, and also the beaimgs of then screws and nuts 
always retain then parallelism, consequently whether the work 
be wide oi narrow, it is alwajs firmly grasped by the chaps 
provided the work be itself parallel One of these vices is lepie 
sented in fig 845 lire front j xw is forged in continuation of 
tho bod^ of the \iee the whole being of a rectnigiiUi form and 

1 
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receiving at its uppei parts the extremities of the pinclimg 
screw, which has a semi cylindiical covei to protect it from the 
file dust The hack oi sliding jaw of the parallel vice fits accu 
lately upon the upper surface of the principal hai at a and ilso 
upon a square bar h, placed above it 



by clamps that only allow them one fixed position, namely, with 
the jaws parallel with the bench as in the bench vice, fig 843 
butmoie genei ally the clamp of a pai rllel vice ccc, fig 815 
has a vertical socket or hole, and the piincipal x)iece of the vice 
terminates in a round stem that fits the socket, and has a nut n 
by which means any horizontal inclination may be given to the 
jaws they are lepiesented inclined or they may even be placed 
at light angles to the bench 

Some paiallel vices aie attached to the table by ball and 
socket joints, as shown detached in fig 84B, and various similii 
schemes have been pioposed The screw clamp is attached to 
the table by a thumb screw a, and the clamp terminates in a 
portion of a sphere ^ the lower part of the vice has two shallow 
spheiical cups adapted to the ball so that by turning the thumb 
screw h, the ball is grasped bet\\een the two cups It is true 
this kind of parallel vice maybe inclined both horizontally and 
vertically, and therefore ofteis much choice of position , but it 
IS too unstable in any to serve for more than very light woiks 
which require but a small application of force 

The jaws of vices are faced with hardened steeland cutlike files 
so as to hold securely but works that are nearly finished would 
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be injured by the indentation of the teeth, and aie theiefoie 
protected by various kinds of shields or Me clamps, as they aie 
generally called, seveial of these are shown in figs 847 to 857 
Vice clamps, such as fig 847, are often made of two detached 
pieces of stout sheet iron, brass, or copper, of the length of the 
chaps of the vice and nearly as wide The two pieces aie 
pinched between the jaws and then bent closely around the 
shoulders of the vice to mould them to the required foim and 
make them easily letain then positions when the woik is removed 
from between them 



Sometimes sheet lead an eighth of an inch thick is used , but 
such clamps answer better when cast in the rectangulai foim, as 
in a fig 848 and then bent as at 6 , the lead should be hardened 
with a little antimony, to resemble a veiy soft t} pe metal (Vol I 
page %11) and, previously to bending the clamps, they should be 
heated to about 300° to 400° Fahr to avoid fracture This allo} 
although harder than lead, is still sufficiently soft to adapt itself 
to iiregulaiities in the objects held and the clamps being thick, 
last longer, and moie leidily admit of being restoied to foim 
by the haminei or rasp, than those made of sheet lead 

3 iv 2 



860 


VICE CLAMPS 


Spring 01 jointed clamps of tlie several forms figs 849 to 857, 
aie also made Fig 849 represents two stout lectangulai pieces 
of metal, united by two springs wliicli pass on tire sides of tlie 
vice screw, these open to a considerable distance, and from the 
flexibility of the springs, readily adapt themselves either to 
thick 01 thin pieces 

The clamp fig 850 is made in two pieces of cast or wrought 
iron, jointed like a wide door hinge, and with a spring to separate 
the two parts to a small extent , this clamp has a piece of soft 
steel or iron attached to each half to make a fine close mouth, 
suitable to delicate works and thin plates 

Fig 851 IS a narrow spring clamp made of one piece of steel 
to wnich are attached pieces of wood or brass that miy be 
renewed when worn out of shape the clamp fig 852, is made 
of one piece of steel, and formed with a crease to hold small 
wires horizontal!} 853 and 854 aie detached clamps one 
plain the other with an angular notch, that serve for holding 
round and other pieces vertically 852 and 853 are each useful 
in holding round bars whilst they are being tapped and not 
unfie(juently then inner edges are cut with file teeth, after 
which they are hardened and tempered As shown in fig 8o5 
some of the vice clamps are made with jaws inclined at about 30 
degrees to the perpendicular to serve for holding chamfer bars 
for slides, and various bevilled woiks , these clamps have the 
effect of placing the chamfered edge nearly honzontal which 
latter is the most convenient position for the act of filing 

Fig 856 are the long sloping cl xmps, consisting of two pieces 
of wood bevilled at then extremities and united by an external 
strap of sheet non or steel which is riveted to them should 
they fail to spring open sufficiently a stick is thiust between the 
two pares as shown by the clotted lines fig 857 are upright 
wooden clamps which are forked so that the tails ]oioceed veiti 
call} one on each side of the screw of the vice The sloiniig 
wood clamps commonl} used by gunmalers are made long 
enough to rest upon the floor, and when the one end of the 
gun barrel is pinched between them the other end is supported 
either by a vertical prop called a hone, or by a horizontal 
wooden horse, fixed to the bench at ibout the same height as 
the jaws of the vice 

557003611 clamps, although of great convenience, are open to \ 
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diawtack that is someti nes acutely felt, as when small pieces aie 
bii&kly filed whilst held m wooden clamps, owing to the slow 
conducting power of the wood the woiks become so hot as to be 
inconvenient to be held m the fingeis, but which is continually 
required as it is necessary at shoit intervals to lemove the work 
tiom the vice for the pm pose of testing, bv the straight edge, 
square oi othei measuiing instiuments, the piogiess made 
Sometimes the woik is giasped between slips of leather oi caid, 
that are simply held to the vice by the peuetiation of its teeth 
Leather and card aie, howevei paitly open to the same objec 
tion as wood clamps, from which the metal cl imps owing to 
then supeiior power of conducting heat are nearly fiee 

A gieat number of smill works are more conveniently filed, 
whilst they aie held with the left hand, the file being then 
managed eis^clusively with the right, this enables the aitizan 
more easily to judge of the position of the file In such cases a 
piece of wood/ fig 858 called a Jlhng hlocJ is fixed m the table 
01 tail vice and squaie lound, and similai pieces, aie lested in 
one of se\eial notches made m the block with a tiiangular file 
If the woiks areiectangulai, or have flat smfices they aie held 
quite at lest if they aie circulai they aie continually lotated 
as will be explained and if they aie wide and flat, they are laid 
on the flat suiface of the filing block /, igaimt a ledge or piojec 
tion lepiesented on the loioey side of the block, which is then 
placed upwards 

Pieces that aie sufficiently long and bulky are held upon the 
filing block by the hand unassistedly , but small and shoit 
woiks aie moie usually fixed in some desciiption of hand vice, 
and applied m the position shown in fig 858, and the vice being 
largei than the work, serves as a handle, and affords a better 
grasp 

Foi woiks of laiger size the hand vices aie progiessively 
laigei as in 859 and 800 , some of them have wooden handles 
Almost all the hand vices hive fly nuts to be twisted with the 
fingers but the most poweiful, which sometimes weigh as much 
as about three pounds have squaie nuts that are fastened b} a 
key 01 spanner s Occasional!} to ensure a strong giip one 
ear of the ordinal y fl} nut is pinched in the tail vice whilst 
the hand vice is twisted bodily round but uiilesb due caution is 
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used, eitlaer the vice may be stiained, or the sciew broken fioni 
the gieat pui chase thus obtained 

Hand vices aie not howevei, in all cases employed , but small 
wiies and other pieces aie also held in a species of pliers, 
fig 861, called 'p%n tongs or shdtng tongs, which are closed b} a 
ferule that is drawn down the stem Fig 86^ shows another 
vaiiety of this kind that has no joint, but spiings open by 
elasticity alone when the ring r is drawn back 


The small pm vice, 858, is used by watchmakers in filing 
up small pins and othei cyhndiical objects, the jaws are not 
united by a joint, but aie formed in one piece with the stem of 
the vice the end that constitutes the jaws being divided or forked , 
the sciew and stem aie each peifoiated throughout, that the 
ends of long wiies maybe filed, and the stem is octangulai 
that the pm vice maybe leadily twisted to and fro between the 
fingers and thumb of the left liand, whilst the file is leciprocated 
by the right hand, and in this mannei a consideiable approach 
to the cylindrical form is obtained 

Independently of the lapid movement of the hand vice to and 
fro on ts axis, simultaneously with the strokes of the file the 
two hands being moved together, the hand vice is thrown pro 
giessively foiwird with the foie finger about a quarter of a tuin 
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‘it neail} eveiy alternation, so as to bring all parts of the woik 
alike rnidei the opeiation of the file But as it is in this case 
impoitant that the work should be pinched exactly central in the 
vice or so that the axis of the work may pass thiougli the axis 
or cential line of the vice, a cential angular groove is frequently 
made in each jaw of the 1 and vice, to give the woik, without 
tiial a nearly axial position This is moie usual in thenaiiow 
\ices, fig 859, known as clog nose or pig noso hand vices than in 
those with vide oi aoss chaps 858 and 860 

Man} ciij^3ular woiks that weie foimerly thus filed are now, 
fiom motives of expedition and accuiacy, more commonly exe 
cuted in the turning lathe since the gieat extension in the use 
of this machine, which has become nearly as general as the vice 
or the file itself, but fiequent occasions still remain in which 
the hand vice and file aie thus einplo}ed, and it is curious to see 
how those accustomed to the rotation of the different kindb of 
hand vice with the wiist will in this manner reduce a square or 
iiiegular piece to the ciicular section 

In the pin tongs, fig 862 besides the facility of tinning the 
instrument lound with the fingers, fiom the reverse end having 
a center and pulley the same spring tongs serve conveniently 
as foiceps foi holding small dulls to be worked with the dull 
bow and also for othei purposes in watch woik 


Numerous flirt woiks aie toolirge thin and iiiegular in then 
superficies to admit of being fixed in the various kinds of bench 
ind table vices that have been described and if so fixed, theie 
would be risk of bending such thin pieces by the piessuie of 
the vice applied against the edges of the work consequent!} , 
different methods aie employed in fixing them 

The largest fiat woiks are simiily laid on the naked surface of 
the woik bench and tempoiarily held by half a dozen oi more 
pins or nails driven into the bench The pins should be as close 
to the inaigin is possible, and yet below the surface of the woik 
so as not to interfere vith the free application of the file , it is 
iiequently necessary to lift the voik out of its tempoiaiy bed 
foi its examination with measuiing instruments and advintrge 
lb taken ot these opportunities for sveeping awa} with a 
small biubh (like a nail brush for the dressing tiblc,) any loose 
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filings that may have got beneath the work, and pi event it fiom 
lying flat 

Foi thm flat woikb of smaller size, the filing boaid, fig 863, 
IS a convenient appendage it measures six or eight inches square, 
and has a stout iib on the undei side, by which it is fixed m the 
vice Such thm works are required to be fiequently corrected 
with the hammer and also to be turned over in cider that their 
opposite sides ma}. be alternately filed, so as to follow and com 
pensate for, the continual changes they undergo in the act of 
being filed In some instances the work is held dovn with one 
or more screw clamps or hand vices as lepiesented this is need 
ful when pins would biuise the mai gins of nearly finished woiks 
and a caid oi a few thicknesses of paper are then interposed to 
protect the object fiom the teeth of the vice 



Rigs 863 



In filing thin flat works, such as the thin handles or scales 
of penknives and razors, and the thin steel plates used in pocket 
knives, the Shefileld cutlers geneially lesoit to the contrivance 
repiesented in fig 864 and known as a flatting vice A hand 
vice is fixed in the ordinary tail vice oi table vice by the one j xw 
with the sciew uppeimost, so that the jaws of the hand vice are 
hoiizontal The thin scale to be filed is then placed on a flat 
piece of metal not less than a quaitei of an inch thick, and the 
two aie pinched togethei by the one cornei so that all the i emain 
ing surface may be free to the action of the files, and the work 
IS readily shifted about to allow all parts to be successively ope 
rated upon The facility of changing the position is paiticulaily 
useful in working on pieces of toitoiseshell buckhoin and other 
mateiials of inegular form and thickness, to which the filing 
boards with pins or clamps would less conveniently apply 
As befoie observed, the one face of the small filing block /, 
fig 8o8, IS also used foi veiy small thm works, and which aie 
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pi evented slipping fiom the file by the wooden ledge, oi by 
pins driven m In many instances, also thin woiLs are held 
upon a piece of cork, such as the bung foi a laige cask, beneath 
i\hich IS glued a squaie piece of wood, that the coik ma} be held 
in the vice without being compiessed The elasticity of the 
cork allows the woik to become somewhit embedded by the 
piessuie of the file between which and the suifice fiiction, it is 
sufficiently seemed foi the purpose without pins 

SrCT IV INSTRUCTIONS TOR TILING A FLAT SURTACE UNDTR 

THE GUIDANCE OT THE STRAIGHT EDGE, AND OT THE TRIAL 
PLATE, OR PLANOMETER 

In following out the subject of the insti actions for the use of 
the file, it IS pioposed, fiist to explain that which maybe called 
the manual piocess of pioducing a tiue or plane surface on 
a piece of cast iron of model ate dimensions say four oi five 
inches wide and eight or ten inches long and ilthough the 
entile loulme is onh lequned for surfaces of the most exact and 
fiuibhed kind, the same geneial tieatment when discontinued at 
certain stages, is equilly suited to various other woiks in me 
chinism that only demand by compaiison an infciioi dcgiee of 
pi ecisioii the routine is also neaily the same foi suifaces 1 irgei 
01 smallei thin that icfciied to 

Befoie any effective piogicss can be m ule in filing flit woiks, 
the oxieiatoi must be piovided with the means of testing the 
XnogiGSsive advance of the woik, he should thdcfoie possess a 
tiue stiaight edge, and a tme suiface plate I lie sti nglit edges 
used by smiths aie gcneially of steel and dthough they have 
sometimes a neaily icutc edge it is much more usual to give 
them model ate width thus in steel stiaight edges ftom one to 
foiii feet in length, the width of the edge is fioin one sixteenth to 
one foiuthof inmeh and m cast non stiaight edges from six to 
nine feet lu length, the width is usually two to thiee inches 
The stiaight edge is used for trying the surface that is undei 
collection, along its foui maigms, acioss its two diagonals, and 
at vinous intei mediate paits which lespcctive lines, if all exxet, 
denote the suifice to be coriect, but the stiaight edge alone is 
a tedious and scarcely sufhcient test, and whe n gieat accmacy is 
desued, it IS ilmost impci xtivc to hive at Icist one \ciy exact 
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plane metallic surface, or sinface plate iilie flano mette of the 
French,) by which the geneial condition of the suiface under 
foimation may he more quickly and accuiately tested at one 
operition and to avoid confusion of teims, it is pioposedm all 
cases when speaking of the mstiument to employ the French 
appellation met'ie oi lathei planometei, which is exact and 
distinctive 

Ihe flat piece of cast non, intended to be operated upon, 
having been chipped all ovei, as desciibed in pxge 850 a coaise 
hand file of as laige dimensions as the operitoi can safely 
manage is selected, and in the commencement the lougli edges 
01 iidges left by the chipping chisel aie levelled those pai ts how 
ever being pimcipally filed that appear fiom the stiaight edge 
to be too high 

The strokes of the file are directed sometimes squaie across as 
on a fixed line, oi obliquely in both dnections alternately at 
othei times the file is travel sed a little to the light oi left dm mg 
the stioke, so as to make it apply to a poition of the woik 
exceeding the width of the file These changes in the applica 
tions of the file aie almost constantly given, m oidei that the 
vaiioiis positions may cioss each other in all possible directions 
and prevent the foimation of partial hollows The work is tiled 
at short intervals with the str light edge and the eye directed on 
a level with the woik to be tested leadily perceives the points 
that aie most piominent After the rough eirois have been 
paitially removed, the work is taken fiom the vice, and stiuck 
edgewa} s upon the bench to shake off any loose filings, and it is 
then inveited on the plmometer which should be fully as large 
01 laigei than the woik As howe\ei, it cannot be told by the 
eye which points of the woik touch the planoineter, this instiu 
ment is coated all over with some colouimg matter such as pul 
veiised red chalk mixed with a little oil, and then the touching 
places become coloured 

In all piobabihty the woik will at fiist assimilate so imper 
fectly with the planometei, that it will only rest theieon at its 
two highest points, most likely at the two corners of the one 
diagonal and when pressure is applied at the two othei corners 
alternately, the woik will piobably ride or rock on the two points 
of tempoiary support The woik is slightly nibbed on the sur 
face plate and then picks up at its highest points some of the 
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red matter it is refixed in the vice and the file is principally 
used 111 the vicinity of the colomed paits with the occasional 
test of the stiaight edge, and after a short peiiod the woik is 
igam tiled on the planoinctei 

Should the same two points still become reddened, they are 
fuithei 1 educed with the file but it is piobable the woik may 
be found to rest upon laigei poitions of its smface, oi upon 
thiee or foui points instead of two only and if so all the 
inaiked places aie reduced in \ small degice befoie the sue 
ceeding tiial Ihis piocess is contmuall} repeated ind if 
watchfully peiformed, it will be found that the points of con 
tact will become gradually inci eased say fiom two to four, to 
SIX 01 eight, then to a dozen oi moie xnd so on 

In this, or rather an earliei stage of the work, the smith s 
plane for metal is often advantageously used in connection with 
the file The general structuie of the pi me is shown by the 
figuie and description on page 1 R 8 , and it is employed much after 
the mannei of the joinei s plane, but it may be used at pleasuie 
lengthwa}S, ciossways, oi diagonilly, without any mtciference 
fiom giain oi fibie as m wood woik The giooved oi loughing 
out cutter is employed in the commencement because it moie 
leadily penetrates the woik and a few strokes are given to ciop 
off the highest points of the suifxcc, the fiuiows made by the 
seiiated cuttei aie then neaily lemovcd with the file, which acts 
moie expeditiously although less exactly than the plane, and in 
this manner the gioovcd plane non and the coarse file are altei- 
nately used In the absence of the planoineter, the metal plane 
assumes a gicatly incieased degioe of importance 

As the woik bceomes gixduilly ixcaroi to tiuth the grooved 
cuttei IS exchanged foi that with a continuous or smooth edge, a 
second cut oi bastaid hand file, is also selected, and the same 
alternation of xdaiiing and filing is pciseveiecl in, the plane sci v 
iiig as it weic to diiect the file, until it is found that the plane 
non acts too vigoiously, as it is scaicely satisfied with merely 
SCI xping over the suif ice of the cast iron but when it acts it 
u moves a shaving having a neaily measurable thickness, and 
tlieielorc, although the hand plane may not injure the geneial 
ti uth of the suifacc it will prevent the woik from being so deh 
c \tely acted upon, as the continuance of the piocess now demands , 
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a bmootliei hand file is consequently alone employed in fuithei 
mg the work 

If the piece of cast non should have been turned in the lathe, 
01 planed in tl e planing machine, instead of having been 
wrought entirely with the chipping chisel, plane and file, the 
formei instructions would be uncalled for, as the remaining 
steps alone would remain to be followed Unless, indeed, the 
work had been so impeifectly fixed as to have been stiained, and 
thence become distorted, on being released fiom the machine 
on the latter supposition the grosser eiiois would probably re 
quiie correction with the bastaid file, befoie the smooth file 
could be judiciously used 

The necessity of the convex foim of the file will now be ren 
dered most stiikmg as weie the file absolutely flat on its face, 
it would be scarcely possible to reduce with it any small and 
isolated spot that might become coated with the red chalk fioin 
off the planometei , but as the file is a little lounded any pre 
cise spot on the woik maj be acted upon, as the end of the file 
may be pressed with the fingeis of the left hand on the exact 
spot to be reduced, whilst the remainder of the file is held just 
out of contact with the lest of the surface 

When, however, the points of bearing become numerous, the 
file cannot even thus be managed with sufficient disciimination, 
and notwithstanding the best efforts it will act on too large a 
part and thereby lengthen oi it might be said altogether to 
pievent the complete coriection of the work, because the file is 
not sufficient!} under control Before the file has assumed this 
questionable tendencj , it is politic and usual as a measuie of 
economy to discontinue the use of the file and to prosecute the 
work with a SCI ipei which having a sharp instead of abroad 

and abrading suifdcS) may be made to act with far nioie decision 
on any, even the most minute spot oi point A worn out triangu 
lar file, ground at the end on all the faces, so as to make thinkeen 
edges, IS generally used as the scraper this should be keenly 
sharpened on an oil stone, so as to act without lequiringmuch 
pressure, which would only fill the work with striae or utters 
The continual reduction of all the points which iiesufficiently 
pi ominentto pick up the colouring matter from the planometer, 
IS now persevered in with the sciapei instead of the file, and pre 
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cisely in the same manner except as legaids the change of the 
tool, and if the piocess have been caiefully peiformed thiongh 
out it V ill be found at the conclusion that if the work and piano 
meter aie both wiped clean and lubbed haid together, that the 
high points of the woik will be somewhat burmshed, giving to 
the woilv a finely mottled chaiactei 

In pioducing metallic smfaces the constant effoit should be 
to reduce all the high places with as much expedition ns cncum 
stances will admit but ivoidmg, on the othei hand, tint eneigetic 
use of the tool which may too hastily altei the condition ol the 
suiface and in expunging the known eiiors, induce otlieis equ il 
in degree but diffeiently situated Tlnougliout the work ittenipt 
should be made to keep the points of bearing whcthei few oi 
many, as nearly equidistant as maybe, instead of allowing them 
to become grouped togethei in laige patches 

Iniespect to the tools theie should be a gradual diminution 
in then cutting poweis and ilso of the vigour with which they 
aie used as although eneigy is wise at the commencement of the 
woik, it should giadually subside into watchfulness and ciution 
towaids the conclusion ilie periods of ilteination between the 
hand pi me and the file and also the times when these aie sue 
ces&ively 1 ejected in ii\oui of the sciipci as the finishing tool 
must be m gicit mexsuic left to the judgment of the opcritoi 

ihcic should he a lie (piont exanmi ition of the woik by means 
of the stiaight edge ind phnomctci, which httci should at all 
times be evcnlij tinted witb the coloui At the commencement it 
IS necessai} the coating of red stuff on the planometei should be 
modeiatcly abundant so as to maik even those place s which aic 
minutely distant, but with the continued application of the woik, 
the colouung matte i will be gradually lemovcd ftom the piano 
metci, and which is dc suable as towards the conclusion the 
quantity of icd should be small, so as but funtly to muk tho 
summits oi each little ciumencc, the numbci md equality of 
which uc dependent on the pcifcctiou of the planometei, and 
the steady x^eiseveimg watchfulness of the opciatoi 


It IS not to be suppose d that it ism cvciy cxsc needful to 
piocccd m the caicful and piogicssive mode ]ust deseiibcd, as 
the paits of (liffoicut woiks lequuc widtly ehfkient elegices ol 
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peifection as to flatness For instance, in many it is only neces 
saiy they should be clean and blight md have the semblance of 
flatness, with such even the stiaight edge is little if at all used as 
a test Those suifaces by which the stationaiy paits of fiamings 
are attached, require a modeiate degiee of accuracy, such as may 
be compaiable with the perfection in the hewn stones of a budge 
01 other massive edifice, which require to be flat m order that 
they may bear fairly against each other as without a certain 
degiee of tiuth the stone might break fiom the unequal strain 
to which it would be exposed 

The flat parts of metallic works, if similaily imperfect, would 
bend and peihaps distort the remainder but although it is of 
great importance that beaimg suifaces should be out of winding 
or not twisted, it is by no means important that such bearing 
surfaces should be continuous, as a few equally scattered beaiing 
points fi equently suffice Thus it was the common practice before 
the general introduction of the engineers planing machine, to 
make fillets or chipping places around the margins of the beaimg 
suifaces of castings which fillets alone were corrected with the 
chisel and coarse file for the juxtaposition of the larger pieces 
or frame work of michines, the intermediate spaces being left 
depressed and out of contact This mode sufficed, provided the 
pressure of the screw bolts could not, by collapsing the hollow 
places distort the castings, with which view chipping places 
were also geneially left around the bolt holes of the work, this 
method gieitlv reduced the labour of getting up such works by 
hand but fillets and chipping places are now in a great measure 
abandoned Smaller and more delicate works, requiring some- 
what greater accuracy than those just described are left from 
smoother files but in most cases without the necessity of 
scraping but the rectilinear slides and moving parts of accu 
rate machinery, and the trial oi surface plates of the mechi 
mciaii require bejond all other works the most dexterous use 
of the file and other means from which it is again repeated 
grinding should be entirely excluded 


Until very lecentl} when the points of beaimg had been so 
multiplied b} the file md scraper as not to exceed about h df 
an inch in average distance, and tint a still higher degiee ot 
accuracy was desired, it was the oidinny practice to attempt the 
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obliteiation of these minute eirois by the method of giindmg 
Supposing only one piece or surface to have been lequiied it 
then became necessaiy to giind the work upon the planometei 
itself but to avoid the necessity of so injurious apiactice, it wis 
usual when piacticable, to make three similar pieces at one 
time, 111 01 del that, when all thiee had been separately filed and 
sciaped to agiee piett} neaily with the stiaight edge and piano 
metei the thiee pieces might then be mutually employed in the 
correction ot one another, by giinding the faces successively 
togcthei with emciy powder and water 

The one piece was laid down hoiizontally, wetted all over with 
water and then stiewed with emeiy powder, after which, one of 
the other surfaces was inverted upon it, and rubbed about m 
various wajs with longitudinal, lateial, and curling or circulai 
strokes on the supposition that as the two pieces came into contact 
respectively at their highest points, these highest points became 
mutually abraded with a tendency to reduce them to the general 
level Aftei a shoit period the top surface was removed fresh 
emeiy and watei weie applied and the thud suif ice was lubbed 
upon the fiist aftei which, ill thiee weievai louslyintei changed, 
by placing every one in succession as the low ei sui f ace, andi ubbing 
the two others upon the lower until it was considered from the 
uiiifoim but deceptive grey tint thus produced, that the ciiois 
in all were expunged, and that the thiee surfaces were all true 
It IS, however, considered quite unntcessaiy to enter moiemto 
detail on a process th it m ay be considered to be nearly obsolete, 
as regards the production of plane metallic surfaces, especially 
as at a future part of this Volimn , the practice of grinding will 
be noticed in reference to surfaces requiring inferior exactness 
and consisting of materials that do not admit of tlie employment 
of the file and sci apei 


lhat two surfaces which are ve}y nemly acemate if ground 
together for a vo ij blioH time, do in some degree correct each 
other IS true, but it has been long and well known that a con 
tmuance of the grinding is very dangerous, and apt to lead the 
one surface to become convex, and the other concave in a ncaily 
equal degree, and on this account three pieces were usually 
operated uiion that the third might act as in umpire, as although 
two pieces possessing exactly oiiposite ciiois may appeal quite 
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to agiee, tlxe thud cannot agree with each of these two, until 
they have all been made alike and quite plane surfaces 

But the entire process of giinding although apparently good 
IS so fraught with unceitainty, that accurate mechanicians have 
long agieed that the less gnmhng that is employed on lectilineai 
works the bettei, and Mr Whitworth has recently shown in the 
most satisfactory mannei,* that in such works grinding is 
entirely unnecessaiy and may with the greatest advantage be 
dispensed with as the fuither prosecution of the scraping pi ocess 
IS quite sufficient to lead to the limit of attainable accuracy, the 
only condition being that the mode of continually referring the 
work to the planometei and sci aping down the points sufficiently 
high to be colouied, should be steadily pei severed in, until the 
completion of the process and v oil s thus treated assume amuch 
higher degree of excellence than is attainable by giinding 

Ml Whitwoith stated a fuithei and equally important ad van 
tage to result from tl e discontinuance of grinding as regards 
the slides and mo\ing paits of machinery Some of the grinding 
powder is always absorbed in the poies of the metal, by which 
the metallic surfaces aie converted into species of laps so that 
the slides and woiks cany with them the sources of their depre 
ciation and even destruction The author^s previous experience 
had so fully prepared him foi admission of the soundness of these 
views, that in his own workshop he immediately adopted the 
suggestion of accomplishing all accurate rectilineal works by the 
continuance of scraping, to the entire exclusion of grinding 

SECT V — INSTRUCTIONS FOR ORIGINATING STRAIGHT EDGES AND 
TRIAL PLATES OR PLANOMEIERS 

Tlieiemaiks hitheito offered on producing a flat surf ice were 
based upon the supposition that the opeiatoi is in possession of 
a good straight edge and a good suifice or planometei, and 
which IS usual under oidinaiy cii cum stances, but it maybe con 
sideied necessary that the more diiflicult case should be placed 
before the leader, of oiiginating the planometei itself, by which 
alone can he render himself independent of external assistance 
the previous observations will greatly abiidge the description 


* In a Paper read befoie tlxe Biitish. Association foi the Ad\ inccniont of S( u ixc( 
Glasgow 1840 
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Firsts to originate a stiaight edge- — In origin itmg a stiaight 
edge it IS judicious to piepare the ground, so far as possible, 
with the means possessed by eveiy joinei , and accoidmgl} 
thiee pieces of haid straight giained mahoginy should be fiist 
planed as straight as possible with the joiiiei^s plane Calling the 
thiee pieces foi distinction A B and C when they aie com 
paied, A and B may ap^ieai to agiee eveiywheie ewen when one 
of them IS changed end for end this shows A and B to be either 
both sti light or else the one concave, the other convex but G 
may be unlike eithei of them C is then adjusted also to A ind 
will therefore become a duplicate of B but when the duplicates 
B and C are compared it may be found that they touch in the 
middle, and admit light between them at the ends, showing each 
to be convex The central paits both of B and 0, which aie 
eiioneousin the same direction, are then each reduced in a neaily 
equal degiee, until in fact the transmission of light is pievented 
throughout their length, even when they are reversed and by 
which the condition of each will be somewhat improved 

Next to ascertain whether B and C, when thus impioved, are 
each pietty neai to the truth ihe thud or A, is fitted to B, 
making A and B as nearly as may be, countei paits of one 
anothei and if A, when thus altered, should also agice with the 
thud or C all aie tiuc but tins can scaucl> yet be stiictly tlie 
case And the loutme is theietoie continually repeated of 
reducing in an equal degiee the two which nui} show evidence 
of being neaily alike, (eithci both convex oi botli concave,) and 
then by fitting the tlmd to one of tbc oorieetcd two, as a tost by 
wbicli to tiy if they not alone agree with each other but like 
wise agiec with the thud, or the test, as the work can only be 
perfect when all three admit of being compared without any 
want of cont ict being observable in any of the three corapausoiis 
If the trying plane is carefully manipulated, the thiee pieces 
will, m thiee oi four repetitions of the senes of operations 
become as neaily aeciiiate as tlie nature of the tools and of the 
method will admit, and then, either the best of the thiee 
wooden straight edges or all three of them, maj be used as the 
prclmiinaiy test in making the steel straight edges * 


* The more common practice of the joiner is to operate upon only two pKces 
each of which is first pi ined until they agree together when placed cd^f, to e ige m 
the oidmary mmnci, or m one plane The two pieces ai© now placed side by sid( 

) 1 



874 INSTBTJCTIONS BOR OEIOINATING STRAIGHT EDGES, 

Sometimes the metal straight edges are wide strips cut off 
from a sheet of steel of hard quality , if forged from a bar of 
steel, the hammeiing should be continued until the metal is 
quite cold to render it haid and elastic , and in some instances 
the straight edge, when partly finished, is hardened and tempered 
before its edges are completed In all cases if the one edge is 
to he chamfered, this should be done in an eaily stage, as it is 
very apt to thiow the woik crooked and the sides are always 
tiled, or otherwise finished, before an} gieat progress is made in 
correcting the edges When three straight edges are made at 
one time, the three are generally united by temporary pins 
through their ends to make one thick bar, and are then conected 
m the mass as the first stage 

The work having been thus far prepared, the wooden straight 
edge IS rubbed with a dry lump of red chalk, that it may leave 
evidence of the points of contact A coarse file is fiist used, and 
it may for a time be assisted by the hand plane , the size and 
length of the file are gradually decreased, and after a time it 
will be found that the wooden straight edge is no longer suffi. 
ciently delicate to afford the required test When all three of 
the steel stiaight edges have been brought collectively to a state 
of approximate truth, they are separated and wrought the one 
from the other, precisely in the same older that was described 
in reference to the wooden straight edges but as on the steel a 
veiy small and smooth file may be used the process of correction 
may he earned with the file much highei upon steel straight 
edges, than upon metallic surfaces In addition to the mode of 
examining stiaight edges by the transmission of light they are 
also compared by laying them two at a time upon a true bench 
or surface and rubbing them together without colouiing m itter 
the high places will then mutually rub each other suiBS ciently to 


and their edges are placed m agreement at the extremities so that the fingers 
passed transversely across their ends cannot feel any want of continuity of suiface 
in other words cannot feel the joint If whilst thus placed the joint is also m 
appreciable to the sense of touch at vaiious intermediate parts of the length of 
both pieces the work is correct and the two are straight 

From the very pi ecise action of the trying plane the wooden straight edge may 
perhaps be equally well piodnced by the methods lequiiing either two oi three to 
be made but the method of making three at once is given m the text because it 
is always followed in metalworks inconsequence of the different nature of the 
working tools and of the abstiact superiority of the method 
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leave a small degree of brightness, that may be easily obseived 
on a careful sciutiny , and as both edges of every straight edge 
aie commonly wi ought, the investigation becomes amplified and 
impioved horn there being six comparisons instead of three 

A little gimdmgis sometimes lesoited to m completing steel 
straight edges it is less obj ectionable with steel than with cast 
iron and other metals which are softer and also more porous than 
steel but the piocess of grinding being very difficult ot control 
IS not desirable , and as very small files may be used and with 
nice disci imination in coirecting straight edges, the sciaper 
although useful here likewise, does not present the same 
importance as in correcting wide surfaces or planometeis 

Secondly^ to oiiginate a surface plate or planometei —This 
process requires that the operator should be in possession of at 
least one very good straight edge , one of a series of three that 
have been accurately tested m the manner just described Ihe 
present case also demands like the last, that three pieces should 
be opeiated upon, in older that the same coircctional method 
may be brought into efiect 

ihe planometer should be a plate of hard cast iron having iibs 
at the back to prevent its bending either fiom its own w eight, or 
from taking an unequal bearing on the bench or other support 
Geneially a deep rib extends aiound the four mu gins of the 
planometer and one two or more mtei mediate and shallower 
nbs are added, winch divide the back into rectangular compart 
rnents, as m fig 865 , this planometer would rest upon the bench 
around its edges, or on four prominent points at the corners 
represented black It has been recently proposed by Mr Whit 



worth, that the ribs should be placed obliquely and made to con 
verge to three points of bearing, as m fig 8GG, which is a much 
better plan as the planometer is then at all times supported on 
precisely the same points notwithstanding the inequality of the 
bench which can scaicely be the case when foui feet are used 

3 L 2 
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The handles are added at the ends, that the planoinetei may be 
readily inverted , in older that it ma} be applied upon such 
heavy works as it would be inconvenient to lift, and then imme 
diately replaced on its feet when returned to the work bench 
In the absence of the planing machine, the three castings foi 
the planometers would be chipped all over and roughly filed, and 
in this case the smiths plane for metal would render most 
important service for a considerable period A good wooden 
straight edge is now convenient as when rubbed with red clnlk 
it denotes the high places very effectively, and should be applied 
at various parts of the length and width, and also obliquely and 
indeed a small thick block of beech wood or mahogaii}, planed 
•very flat as a suifcice and rubbed with chalk, will seive to hasten 
the process of obliterating the coarser eriois 

In due time, the plane, the coarse file, and the wooden 
straight edge would all be laid aside, and the work would be 
prosecuted with a smoother file, under the direction of a met il 
straight edge, and which if coloured must be also greased to 
make the led matter adhere This part of the work may be 
carried to no mean degree of perfection, as a very correct judg 
ment of a plane surface can be obtained from a good straight 
edge applied in all diiections as the eye readily measures the 
comparative width of the line of light transmitted, and the 
fingers also appreciate, when the straight edge is slightly rotated 
or nibbed sideways winch points of the work are the highest, 
and give rise to most friction 

One surface which maj be called A having been corrected 
very carefully with the file and straight edge, may be now 
smeared with red stuff and oil and employed to hasten the 
correction of the second piece or B and the thud oi C until 
these two are about as near to truth as the first, or A the three 
are afterwards mutually operated upon under the guidance of 
colouring matter At this stage of the woik it will soon become 
necessary to discard the file in favour ot the sci aping tool, in 
using which it will be found veiy convenient to lemove b} a 
paper screen the glare of the bright metallic suiface, so as to 
enable the little patches of colour to be more readily observed 
The screen, fig 867, consists of a small fiame of wood eight to 
ten inches squaie, covered with writing papei, and attached to a 
small hoard the paper is inclined some ten dc giees towards the 
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opern-toi, and at night a short piece of candle is placed in the 
centei of the board or pedestal as shown 

1 he thiee plates having been, as before observed brought into 
iieaily the same preparatory state it is to be now judged of by 
the straight edge whether all three are nearly alike or lean to 
the same land of ei i or Thus supposing the pieces A and B 
to h ive a tolciably equal disposition to convexitj^ or that when 
placed in contact thej rest in the center but fail to touch aiound 
the maigin, then AandB aie each a little leduced in the middle 
until the tendency to lotate in the centei is gone A and B will 
be then each a shade neaier to truth than befoie The thud 
piece or C, is fitted to A, after which, supposing for a moment 
A and B to be each a true, or a plane suiface, C would become 
also a plane surface, and the task would be then completed 
Peifection is not, however nearly so easy of attainment, and it 
IS almost ceitam that although A and B may be counterjpartSy 
they will not be planes presuming therefore that C has been 
fitted to A, it is almost ceitam that C will not fit B (This may 
be called loutiiie One } 

Consideiing theiefoie that now A and C are the two most 
nearly alike, or that both xie proved to be con\ex these aie 
the two upon which an equal amount of collection is this time 
attempted until they become counteipaits or fit well togethei 
and the thud piece, oi B, becomes the ai biter in this stage of 
the woik (This may be called routine iwo } 

We will lastly assume that B, when altered until it fits C, does 
not quite fit to A, but that B and C present an equal departure 
fiom truth and are still both convex, then B and C aie altered 
in an equal degiee until they appeal to be peifect coimterpaits 
and this time A, when fitted to one of them, shows whethei the 
whole three aie planes or that two of the pieces are convex and 
one concave (This ma} be called routine Three) 

The method of compaiisonwill probably be lendeied somewhat 
more evident by the following tabulai view of the piooesses 

Routine One R outine Tw o Routi ue T hree 

A P Couiiteipuits A C Counterparts B C Counterparts 
C Aibitei B Arbiter A Ai biter 

Ihe lUbpection of tlic letteis ui three routines will fuithei 
show, that eveiy one ol the tluee sm faces admits of compaiison 
■with the two otheis,and that theabstiact method is to fit togethei 
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those two which appeao to have the same error, hy altering those 
two in an equal degieejaftei which, the third piece when fitted 
to one of the other two jpieces, incontestably pro\es whether all 
thiee aie planes as this cannot be the case until all three agree 
togethei m eveiy comparison Ihe attainment of true planes 
will be found to lequire seveial repetitions of the thiee routines, 
but towards the conclusion inci easing care will be continually 
lequired in ordei that no degeneiation may insidiously occur, 
to disappoint the hope of the piogiess towaids perfection being 
steadily on the increase 

Ihis correctional piocess, which is precisely analogous to the 
mutual coirection of three stiaight edges is somewhat familiar 
to mechanicians but the piocess is obviously very much more 
tedious than the oiigmation of straight edges on account of 
the g eat increase of the suiface to be operated upon, and the 
ciicumstance that the quantity taken in excess from any pait, 
must be amended by reducing every othei pait of that surface 
in an equal degree 

For the sake of simplicity it has been supposed throughout the 
description that the two convex pieces weie in each case selected 
for collection but this is immateiial, as the lesult would be the 
same if the two concaie pieces weie wrought or the one and other 
pair alternate!}, as ciicumstances may accidentally suggest 

The three planometeis having been made as perfect as the 
skill and patience of the opeiator will admit, one of them should 
be carefully laid aside and onlyusedinthemost guarded mamiei 
in the lepioduction of other planometeis, or the collection of 
those in general use which latter piocess will be found occasion- 
ally requisite but the less frequently so if the instrument is 
equally worn by rubbing the work to be examined at all paits 
of the planometer, instead of upon the centi al pai t alone And a 
true surface oi standard hiving been once obt lined it should be 
most scrupulously preserved, as it will be found veiy considerably 
less troublesome to copy a good standard, than to originate the 
three standards themselves from which the one is to be reserved 

SLOT VI — nsSaEUCTIOVSlORFILINOREOTILINLAR WORKS INWHIGir 
SEVERAL OR ALL OT THE SUPLBriCIEb HAVE TO EE WROUGHT 

The former instructions have been resti icted to the supposition 
that only one of the superficies of the work was required to be 
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made plane or flat, but it frequently happens in lectangular 
woilis, such as the piece A B C, fig 868, that all six surfaces, 
namely, the top and bottom A, a the two sides B b and the two 
ends C, c all lequiie to be collected and made in rectangular 
aiiangement (the surfaces a, b c being necessarily concealed 
fiom view), anl theiefoie some paiticulais of the ordinary 
method ot pioducmg these six suifaces will be added and the 
foimei lemaiks on pages 500 to 503 on squaring thick and thin 
woiks in wood miy be also consulted 

ihe gcncialiuL is fiist to file up the two largest and pimcipal 
faces A and a, and afteiwaids the sinallei faces or edges B b, and 


Figs 868 



861 ) 870 



C 0 The pimcipal faces A a especially when the pieces are 
thin mubt be proceeded with for a period simult ineously, 
bee luse of the li ibility of all mateiials to spiing and alter m 
then foim with the piogicssive lemoval of their substance, and 
on tins account the woik, whether thick oi thm, is fiequently 
prepaied to a certain stage it every pait, befoie the final correc 
tion is attempted of any one pait 

The straight edge and surface plate aie lequired, to prove that 
each of the faces A and a is a plane surface, and the callipeis or 
a similar gage is also needful to prove them to be in parallelism 
Callipers unless provided with set sciews, are very liable to be 
accidentally shifted and it is needful to use them with caution, 
othei wise then el isticity arising fiom the length of their legs, is 
apt to deceive ihere aie gages such as fig 869 with shoit 
pnallel jaws that open as on a slide, and are fixed by a side 
SCI GW and a still more simple and very sxfe plan, is to file two 
lecimgulai notches in a piece of sheet iron or steel as in fig 
870, the one notch exactly of the finished thickness the woikis 
requiied to possess the othei \ little larger to seive as the coaise 
01 inclimiiuiy gage 
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Sometimes the one face of the work, or A, having been jS-led 
model ately flat a line is scoied around the four sides of the work 
with a metal marking gage, the same in principle as themaikmg 
gage of the joiner, fig 342 page 487 At other times the 
collected face A is laid on a planometer larger than the woik, 
IS lepresented, (neglecting the mveision,) and the marginal 
line IS scribed on the four edges by a scribing point p fig 868 
projecting from the sides of a little metal pedestal that bears 
tiuly on the surface plate 

Chamfers or bevelled edges are then filed around the four edges 
of the face a exactly to teiminate on the scribed lines the cential 
pait of a can be reduced with but little watchfulness, until the 
maiginal chamfers aie nearly obliterated This saves much of 
the time that would be otherwise required for investigating the 
pi ogi ess made but towards the last, the callipers and planometer 
must be carefully and continually used, to issist m rendering A 
and a-, at the same time parallel and plane surfaces 

The two piincipal edges, B b are then filed undei the 
guidance of a square , the one aim of the square is applied on 
A or a at pleasure as in joineiy work , or if the square have a 
thick back, it may be placed on the planometer, as at s, fig 868 
if piefeired, the work may be supported on its edge B upon the 
planometer, and the back square also applied, as at s in which 
case the entire length of the blade of the square comes into 
operation, and the iiiegularities of the plane B, aie at the same 
time rendered obvious by the planometer 

Anothei very convenient test has been recommended for this 
part of the woik — namely a stout bar such as r, fig 868, the 
two iieighbouimg sides of which have been made quite fl it and 
also squaie with each othei When the woik and tiial bir (oi 
lectangulometei ) are both laid down, the one side of the bar 
presents a truly peipendiculai face, which may bj the inteiveii 
tion of colouiing matter, be made to record on the woik itself the 
points in which B diffeis fiom a rectanguhi and veitical plane ^ 
When the edge B has been rendered phne and squaie, the 
opposite edge &, may m its turn be marked either with the 
gage or sciibing point at pleasure , the foui edges of b may be 
then chamfered and the entiie surface of b is after wauls coi 
lectecl (as m p roducing the second face a ) under the guidance 
* See Smiths Panoiama of Science vol i page 30 
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of the square, callipers lectangulai bar, and surface plate, or 
some of these tests 

I he ends C c now claim attention and the maiginal line is 
scribed around these by the aid of the back square alone but 
the geneial method so closely lesembles that just desciibed as 
not to call for additional paiticulais 

Should one edge of the woil be inclined, or bevelled, as in the 
thiee following figuies, in 'which the woiks aie shaded to distm 
guish them fiom the tools the rectangulai parts aie always fiist 
'wrought, and then the bevelled edges, the angles being denoted 
by a bevel instead of a squiie either with a bevel having a 
moveable blade, as m fig 871 oi bj a bevelled templet made of 
sheet metal as m figs 872 oi 873, whi"*h lattei cannot get 



misadjubted The bevelled edge of the woik, is also applied if 
possible on the planometei m fact the planometer and bevel 
aie conjointly used as the tests Bevelled woiks ai e either held 
111 the vice by aid of the chamfer clamps fig 855 page 859 oi 
they aie 1 ud in wooden troughs, with grooves so inclined, that 
the edge to be filed is placed hoiizontally Iriangular bars of 
equilateial section aie thus filed in tioughs the sides of which 
meet at an angle of bO degrees, as m fig 874 

ihe succeeding examples of woiks with many plane smfaces 
arc objects with lebates and giooves as repiesented mfigs 875 
to 878 Pieces of the sections 875, and 87G, supposing them 
to be short would in geneial be foimed in the solid, eithei 
fiom foigings 01 castings, as the case might be, the four 
exteiioi and moie iceessible faces would be filed up squaieand 
true, lud altciw iids the inteiioi faces, with a due icgaicl to their 
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parallelism with the neighbommg paits, just aftei the mode 
nlieady set foith The safe edge of the file is now indispen- 
sable as in filing the face b the safe edge of the file is allowed 
to lub against the face a of the woik and which theiefoie serves 
foi its guidance and in filing the face a the side b becomes the 
guide for the file The groove in fig 876 requiies a safe edge 
squaie file 

When however pieces of these sections but of greater 
lengths, have to be pioduced by means of the file alone it is moie 
usual to make them in two oi three pieces lespectively as shown 
detached in figs 877 and 878, and which pieces aie fiist ren 
dered paiallel on their seveial edges and aie then united by 
sciews and steady pins , or r ithei, they are united before being 
actually finished, in order that any little distoition oi displace 
ment occuinng in fixing them together may admit of collection 

In works of these kinds which ha've rebates, grooves, internal 
angles, or cavities, the squaie, with a sliding blade, shown in 
fig 876, is veiy useful, as the blade selves as a gige foi depth 
besides acting as a squaie the one aim of which m\y be made of 
the piecise measuie of the edge to be toed This instrument is 
often called a turning squue as it is particulaily useful foi 
measuimg the depth of boxes, and other hollowed woiks turned 
in the lathe 

In making straight moitises, as at s s, fig 879, unless the 
groove IS roughly formed, at the forge oi in the foundiy, it is 
usual to drill holes nearly as laige as the width of the moi tise, and 


s 




in a stiaiglit line, the holes are then thrown into one another by 
a round file, or a cross cutting chisel, and the sides of the mortise 
aie ifteiwaids filed squaie and true 
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For a ciiculai moitise c c, tlie mode is just the same, with tlie 
exception that the holes aie made on a ciiculai line and that, 
instead of a flat file being used throughout, a half lound oi a 
ciossing file is used for the concave side of the moitise 

Shoit rectangulai inoitises oi those which may be lathei con- 
sideiedto be squaie holes as in fig 880 would if large be pie 
paied by forging oi casting the mateiial into the foim , and then 
the SIX exteiior fices having been collected, the apeiture ^ould 
be filed on all sides undei guidance of some of the vuious tests 
befoieiefeiied to And in such a case it is convenient to employ 
a small squaie s in the foim of a right angled tiiangle to which is 
attached a wire that may seive as a handle, wheieb} the squiie 
ma} be applied at any pait within the moitise without the sight 
ot the woikman being inteicepted by his own fingeis Some 
times also a cubical block filed tiul> on four ot its faces to the 
exact dimensions of the apeituie, is used as a measuie of the 
paiallelism and flatness of the foui mteiior faces 

These miscellineous examples of filed voiks with plane sui 
faces will be concluded by otheis oi somewhat fiequent occui 
rence and in which diffeient tools aie judiciousl} emplo 3 edia 
conjunction with files ihe method first to be desciibed is one 
that IS considerably used in thick pieces of metal, for making 
holes diffeimgfiom the ciiculai toim such as squaie hexagonal 
tiianguhi elliptical and othei holes by fiist dulling a lOund 
hole ind then enlaigmg and ch uigmg the section of the ciiculai 
hole by a tap ei punch, bettci known as a dn/i, which tool is 
made of steel, and exictly of the same section as that requiied 
m the hole , the chift is liaidened and tempeied befoie use 
The diift for a tapei scjuaie hole is made as in fig 881, or 
simpl} as a squaie pjiamid, considciably longei than tlie hole 
lequired a lound hole is fust dulled in the woik, ]ust laige 
enough to admit the small end of the dnlt which is then dii\en 
in its angles indent and foxcc out the metal, making it fiisfc like 
the inignified line m and ultimate!} exictly squaie, unless by 
mist ike the hole weie chilled too large, when the cnculai paits 
would not be quite obliteiatcd If admissible the endlong blows 
on the diiit aie mingled with a few blows on the sides of the 
woik, as ithh 01 paiallcl with the sides of the diift, which cause 
the metal to iclipt itself inoie leadily to the tool ihe diift 
must not howevci be used too violeiitl}, foi as it acts as a 
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sredge it maj bmstopen the woik and wluch lattei is therefoie 
nostlj left shoiig and loughbefoie being diifted and gene i ally, 
7hen the angles have been somewhat indented, tlie> me partly 
Lied out and completed by the alternate employment of the file 
md drift, the marks made by the latter seiving continually to 
ndieate the paits to be removed with the file 
Taper square holes such as those in the chucks for drills, are 
nade with some facility The chuck is fiist dulled on its own 
naiidiel and the drift is put in the foui different ways in sue 
ession, that the eriois incidental to its form miy be scattered 
md lost, the chuck is also placed on the mandrel at intervals, 
vith the diiftin its place, that the drift may show as it revolves, 
sfhethei or not the hole is coneentiic 'When it is required 
hat the diifted hole should be parallel instead of taper the drift 
s made as in fig 883 that is, paiallel for a short portion in the 
niddle of its length, and the extremities alone aie tapered so as 
o make the tool smaller at each end the work is thei efore fii st 
radually enlaiged to admit the largest part of the duft and the 
laiallel part is then diiven through the woik and renders the 
Quei surface of the same a true counterpart of the drift if proper 
die have been taken In some few cases, the sides of the drifts 


Pigs 881 8S2 883 



When drifts are used the process of working is often reversed, 
' the interior suifaces are completed before the extei lor The 
lies are fii st diifted whilst the woik is larger than its intended 
ze, and afterwaids the exteuoi part is filed or turned, as the 
.semay be,/TOi?i the hole, that is the hole (sometimes filled with 
ediift,) is made the basis of the meisuiement of the exteiior 
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poitions of tlie woik Frequently as in a squue washer the 
diift itself, or else a squaie aibor of similar foim, with a centei 
hole at each end, is made to seive as the chuck by ^hich the 
woik IS placed in the turning lathe for completion 

In the concluding example of tins section, that of making by 
hand the ley wi}s in the lound holes of wheels it is to be 
obsened that it is common to turn a c^lmdiical plug exactl'^ to 
till the hole xnd to make a notch in the plug as \Mde as the 
intended ke} way and paiallel with the axis the plug is sho\Mi 
at g fig 883 A piece of steel/ ifc> then filed paiallel and exactly 
to fit the notch and its edge is cut as a file and used as such 
within the guide block, the lattei being at the time inseited iii 
the hole of the wheel In this case the block becomes the 
diiectoi of the file and the notches in any number of wheels aie 
made both paiallel and axial and the only precaution that le 
mains to be observed is in the depth of the notches, and this is 
not always impoitant the depth may hove\er be readily deter 
mined by making the grooves at first a little shallower than 
their intended depth and then, the plug having been removed 
fiom the hole a stop is attached to the side of the file parillel 
with its edge as at s, to pi event its penetrating beyond the 
assigned depth 

The method of cutting key wa}s in large wheels that was 
fiequently eniplo}ed piioi to the intiodiiction of machinei} foi 
thepuipose wis as follows Supposing the wheel to have been 
boicd with a tliiee inch hole and to have lequiied a kej x\ay 
half inch wide and half inch deep The guide block g fig 884, 
ot thiee inches diameter, would have had a gioove say half inch 
wide and one inch deep, and a cioss cut chisel c exactly to fill 
the groove v ould have been made The chisel having the same 
section as the groove, when diiven through would produce no 
effect, but if a piece of sheet steel s, tV thick, weie laid at the 
bottom of the gioove the chisel would then cut a groove b ilf 
inch wide and tV <3iecp , and if two, three, four, and ultimately 
eight such stiipswere successively employed together, as in the 
section and detached views, fig 884, the hole would be accuratel} 
chiselled out by the repetitions of the process The hole would 
requiie to he finished with a paiallel thick file, called a key way 
01 cottei file, which lias already been desciibed on page 822 — 3 
of the picbcnt volume 
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SECT vn INSTRUCTIONS EOR FILING CURVIIINFAE WORKS 
ACCORDING TO THE IHREE ORDINAPY MODES 

The cuivihneai suifaces of woiLs aie commonly of less im 
portance than the plane suifaces neitliei do they in geneial 
require the same skilful use of the file especially as the moie 
important cuived lines and suifaces in machineiy aie ciiculai 
and aie therefoie produced m the taming lathe , and ol the 
remaining curves the majority aie intioduced either to give a 
more pleasing outline to the woiks than would be obtained by 
straight lines, or to ohliteiate the numerous angles that would 
be inconvenient to the hands 

In filing woiks that are convex flat files are always used and 
the file IS necessarily applied as a tangent to the cuive , and in 
filing concave works round and half round files aie used and in 
some cases thej are selected, neaily oi exactly as counterpirts of 
the hollows to be wrought 

The manipulation of the file upon eiuvibnear works is entirely 
different from that required to produce a plane surface in which 
latter case the work is held at rest and the hands aie moved as 
steadily as possible in light lines but in filing cuived works an 
incessant change of direction is important and so far as piacti 
cable, either the file or the work, is made to rotate about the 
axis of the curve to be produced 

A semicircular groove of half an inch radius as in fig 885 
would be most easily filed with a round file of neaily the same 
885 886 sa-r 
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curvature, and the correspondence between the file and work, 
and consequently of then axes likewise would lender the m itter 
very easj but the file fiom the iiregularity of its teeth, would 
leave ridges in th6 work, unless in every stroke it were also 
twisted to and fro axially by the motion of the wrist, and occa 
sionally m the reverse duection, so that the furrows made by the 
teeth might cross each othei If the gioove to be filed had a 
diameter of three or four inches although the file might be 
selected to correspond in curvature with the groove, as it would 
not embrace the entiie hollow, the twiotmg and traversing of the 
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file would fie imperative in order to ariive at all parts of tlie 
woik 

Under ordinary circumstances it is certainly best that the 
cm vature of the file and work should agiee as nearl} as possible , 
but it IS obvious that the file if more convex than the woik can 
only touch the lattei at one part, as at a fig 886 wheieas if 
the file IS less convex, orflittei, thin the woik it will act at two 
places as at 6 Z) fig 887 ihe Sheffield cutleis in filing out 
the bows of scissors, and which they do with gieat rapidity 
alwa'^s avail themselves of this ciicumstance and until neaily 
the conclusion, use files flatter or less convex than the woik 

In filing concave woiks, there is but little choice of position, 
as the file is always parallel with the axis of the cuive, as in the 
dotted line in fig 888 but in convex woiks such as fig 889 the 
file may be applied either parallel with the axis as at jp ^ or 
tiansveisely thereto as at t ^ In general however the woik 
would be fixed obliquely as in fig 890, and the file would be first 



used tiansveisely for some one or two stiokes at an inclination 
of about 30 degiees with the hoiizontal line as at a, so as neaily 
to agiee with the stiaight side of the object the file would be 
successively laised to the horizontal and depressed m the same 
dcgiee on the other side, in fact pioceeding through the positions 
ah c, fig 890 at some eight or ten inteivals and which would 
tend to make as many insignificant ridges upon the work The 
iidges would be then melted together by swinging the hands 
fiom the position a to cm every stroke to be lepeated a few 
times, but as the entire semiciicle could not be embiaced at 
one stioke, the woik would be re fixed in two oi more positions, 
so as to divide the opeiation into about thiee stages 

A more exact although less eneigetic method would be to 
place the file paiallel with the axis as on p jp fig 889, and to 
sweep round the curve principall} by the twisting motion of the 
wiibt which joint can be inoie le iclily moved, and also with less 
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fatigue, than tlie two hands conjointly A third mode fieqnently 
adopted ID such small pieces as can be held upon tlie filing block 
with the hand vice, is to swing the woik upon its axis and to 
use the file witn the right hand, as if on a fiat surface, a mode 
explained in fig 858 page 862 

Somewoiksaie curvilinear in both directions such as curved 
aims and levers with rounded edges many of these kinds aie 
completed by draw filingthem oi rubbingthe file sideways or later 
ally around the curve instead of longitudinally as usual but the 
changes consequent theieupon do not require anj especial notice 
The success of all the modes of filing cui\ed woiks, will be 
found very much to depend on the freedom with vihich the several 
twisting and excuisive motions of the bands aiepeiformed and 
the woik should be fiequently examined, in ordei that the eje 
may judge of the paits in excess and that require to be reduced, 
in ordei to pioduce a pleasing outline 

Having considered the general manipulation of the file in 
respect to cui ved works it remains to be noticed that curvilinear 
objects are filed up in diffeient modes dependent on their 
respective forms and characters Thus the great majority of 
curied woiks are moulded and formed jprior to the application 
of the file, which is then principally used to smooth and biighten 
them— other woiks are shaped almost entirely with the file, 
assisted by outlines drawn on the pieces themselves — and again 
other works aie shaped with the file under the guidance of tern 
plets or pattern plates of hardened steel Some observations 
will be offered on all three of these modes 

Fii stly curved woiks that are moulded or formed prior to the 
application of the file — The methods employed in the prepaia 
tion and figuiation of materials into curvilinear and other forms 
by founding and forging have been largely considered in the 
first volume and from which lemaiks it will have been seen, that 
the perfection of cast works greatly depends on the perfection of 
the foimdiy models or patterns, and these latter gi eatly depend 
on the facilities offered m pattern making by the turning lathe, 
and the joiner s planes , and although such castings in many 
cases do not admit of being finished in the lathe, the per 
fection of the pattern is a great source of embellishment and 
economy, in the configuration of the works made by moulding 
and cisting 
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In lespect to filing up metal woiks that have been accmately 
shaped by founding or foiging little or nothing remains to be 
added to the lemaiLs on the last page as the only object is to 
act on every pait of cm vilmearsui faces in the most expeditious 
and commodious manner with the geneial aim of reducing any 
tiilling eirois of foim that ma^ already exist m them, and avoid- 
ing the introduction of new ones which circumstances call for 
the fiequent sciiitiii} of the eye and an incessant yet judicious 
vamtion in the position of the hands 

Secondly cuived works that are moulded or formed almost 
entiiely with the file — These are blocked out square, and the 
outlines of the cuives aie diawn on the ends and sides of the 
pieces, to guide the file in a manner analogous to the routine 
pm sued bj cai peiiters, m isons and othei artizans Foi instance^ 
to foim 1 bead, as in fig 891, the work is piepared of a nearly 
lectangulii foim and the half circle having been dr iwii at each 
end the angles of the woiks are coaisely removed at about 45 



degiees, mal mg the end a semi octagon sometimes the four 
angles aie faither reduced giving to the woik eight facets prior 
to then being thrown togethei in making the geneial curve If 
these sides aie made with only a veiy modeiate degiee of exact 
ness, they will greatly tend to piesei ve the mufoimity of section 
thioughout 

Man} woikmen when they have removed the two pimcipal 
angles at 45 degiees will make a chamfer entirely around the 
semiciicle at each end, to guide the file in hastily i educing the 
piincipal bulk of the mateiial, until the chamfers are nearly 
obliterated, after which the curve is finished in exact agieement 
with the lines with a smooth file It is also desiiable that the 
stiaight edge should be frequently applied along the axis of the 
ciuve, at various puts, dm mg the piogiess of the v\oik 

Should the entiie piece fig 892, have to be made from a solid 

^ M 
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block, two cuts a and h mnde with the saw would lemove the 
coinei, and a little filing would then suffice to complete the 
internal angle The round pait of the bead would be made as 
before and previous to filing the hollow it would be chamfeied 
on the line c a half round file, of less cuivature than the hollow 
itself would be fiist sunk in the middle of the chamfer and the 
hollow would be deepened and extended sideways, always main 
taming an easy cuive, until it i cached the marginal lines wheie 
the hollow meets the plane surfaces This mode is better cal- 
culated to avoid the accidental obliteiation of the angles of the 
woik, than if the file weie sunk at each margin 

Wheie hollows run on to light lines as at fig 893, there is 
some risk of making a bieak in the junction either fiom the cuive 
sinking below the light line as at h oi fiom the straight line 
as at c advancing too fai and bieaking in upon the cuive On 
this account a b eak oi fillet is usually made at the part as at d 
or else it is usual piimaiily to give that foim, by filing the flat 
fiist and then sinking down the hollow just to meet it, and at 
the conclusion letting the half round file lun a little way on to 
the light line Some ho\\evei piefei the opposite course, oi that 
of sinking the hollow to its full depth and then filing down the 
remaindei with the flat file but which mode is ceitiinly attended 
with moie risk 

Thirdly cuived woiks that aie shaped with the file under the 
guidance of templets or pattern plates of hardened steel — This 
mode IS much followed in woiks of two principal kinds namely, 
thin works required in great numbeis and precisely of one 
form, and in a variety of works that requiie to be exactly 
circular although they maj not admit of being so fashioned 
in the lathe 

Many thin woiks of the fiist kind are stamped or punched out 
of the sheet metals, as foi instance the wisheis foi machinery 
the links of jointed chains steel pens parts of locks for joineiy, 
and numerous othei thin works but many objects of larger 
kinds, and that are not wanted in such laige numbeis are not 
stamped, but are either cast oi cutout with the shears and after 
waids filed between templets Instances of such works are occa 
sionally met with in the numerous class of machines for spinning 
and wea'^ing, cotton, silk and wool and also in lace and stocking 
machinery The mathematical instiument makeis likewise 
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employ the mode to a considerable extent in works that require 
much lepetition 

The snail wheel of a striking clock, fig 804, is frequently thus 
formed, by means of a templet it has an edge foimedin twelve 
steps, irianged spirally the positions of which determine the 
numbei of stiokes of the hammer on the bell In this case, 
which will serve as a general example a piece of sheet steel is 
cutout flattened and smoothed on one side, to receive the di awing 
of the snail wheel and a second piece is also prepared The two 
are first drilled together with a central hole, and another hole as 
distant from the center as admissible The two plates are then 
united by two pins and the outline of the work having been 
drawn on one of them they are next filed in steps carefully to 
the lines and square across the edges and they are afterwards 
hai dened and slightly tempered to lessen then liability to fracture 
on being pinched in the vice The dozen or more snail wheels 
having been cast or cut out of sheet hi ass, and flattened with the 
hammer two or three at a time are pinched alongside one of the 
templets whilst the two pin holes are made with the breast drill 
or in the lathe with a drill that exaetlj fits the holes in the 
templets It only remains to place the dozen plates between the 
templets keepingthemmpositionbytvvo pins extending thiough 
the whole number and then all the notches are filed ni the brass 
plates until the file ue??/ near Zy touches the steel patterns as 
absolute abrasion on the steel itself would greatly injure the files 
In this mode the several brass plates become very exact copies of 
the pattern * 

A dififeient application of templets is sometimes met with in 
filing up numerous similar parts in the same object, as the arms 
or crosses for the wheels of clocks and other machines The exact 


* Templets are as much used for setting out and producing series of holes m 
any special ariangement as in filing works to any particular form the most 
complex example of the kind that occurs at the moment to the author of templets 
being used m this manner is m drilling the side plates of harps intended foi the 
arbors and link works used in temporarily shortening the strings The respective 
pc sitions of the holes in these side plates require a most exact arrangement any 
deputuie from which would prevent that precise shoitemng of the stung le 
quired to produce the semitones with critical accuracy and would also cause an 
unbeaiable jar unless the ciinks of the harp were sevei ally in true position or 
on the hues of ceiiieis so as fiimly to support the tension of the strings under all 
on cum stances 
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pattern of one spoke is filed np as a templet winch, is shaded in 
fig 895, and selves for the simiHi configuration of every spoke, 
the position of the templet being given by a cential pm, aided b} 
any little contrivance which catches into the S, 4, 5 or 6 equi dis 
tant teeth coriesponding with the numbei of aims Many other 
equally available cases of the use of templets might be cited, but 
we must now proceed to woiks of the second kind, or those of 
an outline partially ciicular 

It frequently happens that ceitain forged, cast and other 
works have parts, known as bosses, swells, collais and knuckleb 
that aie pierced with holes which require then fiat surfaces and 
also then margins to be made paitially oi entirely concentric 
with the holes When such parts occur as bosses, the} often 

Figg 894 895 896 




project from a flat surface, and after the central hole is drilled 
some of the pm drills drawn on page 550 oi analogous tools 
used in drilling machines are employed in finishing the margins 
thus figs 482 and 184 serve for facing the extremitiesof the holes, 
48 1 and 485 for the external faces of cylindrical bosses or collars, 
used in the guidance of arms jointed concentrically with the 
holes and figured cutters 485 serve for bosses with mouldings 
intended foi ornament 

When the ciiculai margins are discontinuous files and tern 
plets are more or less requiied thus the extremity of a foiged 
arm, such as fig 89b, is drilled, and m the configuration of the 
remaining parts if but one oi two such pieces are to be made, 
a boss or plug of wood is turned like a, th it shall fit the hole the 
shoulder of the wood is then rubbed with red chalk to mark that 
part of the suiface which is not at light angles to the hole and 
the circular edge of the boss serves for the guidance of the fi^le m 
finishing the exterior margin , visually rather than obstructively, 
as the wooden boss would be i educed instead of the file being 
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cliecked If therefoie many such objects had to be filed two 
bosses or templets would be made of haidened steel and used 
one at each extiemity of the hole and they \^ould be held m 
position by giaspmg the thiee pieces collectively m the tail 
vice The same geneiil method is veiy largely and more 
rigorously followed in making joints or hinges, of which thiee 
examples will be quoted lu conclusion of this section 

The brass and steel plates fig 897 used for the joints of car 
penteis lules aie filed up to templets m all lespects after the 
inannei desciibed in reference to the snail wheel fig 894 and 
the joint plates aie inlaid by means of the file saw, chisel, and 
plane b} modes that do not lequire to be noticed 

The joints of drawing compasses are made somewhat differ 
ently, and mostly as follows The solid knuckle a, fig 898, is first 



dulled and made cnculir by aid of a templet c, and the hollow 
side b IS filed to coiiespond exactly with a , the two are then 
pinched togethei m the vice on the line d d, and the paiallel 
notches foi the steel joint plates ue made in each with the saw 
fig 712 page 729 as deep as the line e e The paits a and b are 
then sep irated the notches in b aie completed with the fiame 
saw and the bottom of the notches in a aie rendeied ciiculir 
with the joint saw, fig 713, as there explained The middle 
plates, when filed a little 1 aigei than the templets c aie inserted 
in b and soldeied in their places , the two parts aie smoothed 
on then various intern il surfaces and united by a temporary 
jomt-pin and any little ii regularities in the external or cir 
cular Curves, (which are left purposely a trifle too large ) are 
mutually detected by their want of agreement when the joint is 
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opened to difterent distances any parts m excess aie veiy care 
fully iedu( ed with a small smooth file principally by diaw filing 
after which the screw pin with its brass cheeks or bosses is 
added 

The pin drill fig 475, p 547 is com nonly used for cutting out 
the concave parts that extend to the side of small compass joints 
such as are repiesented m fig 899, and also for mlajingtlie 
heads of small countersunk screws 

Larger joints with wider knuckles such as fig 900 aie m 
many instances cast fiom patterns closely resembling the finished 
woiks In such cases the fiist process is generally to remove 
any little external eiiois with the file and to cleai the angles 
with a small chipping chisel the faces of the knuckles aie then 
smoothed and inserted within one another very tightly The 
joint hole is afteivaids drilled throughout all the knuckles and 
which aie filed up externally sometimes undei the guidance of 
templets put at the ends but principally by the reduction of 
those highpaits which get scratched or nibbed by the opposite 
parts and thereby show their excess of height 

But if such joints are required to be made more accurately, 
the holes are first dulled in each piece sepaiately, and lathei too 



close in the corncis the holes are bioached with a parallel 
broach, so as exactl) to admit a steel cyhndei, fig 901 which has 
a square end for the brace , this rod is intended to receive the 
cutters, shown on a liigei scale in fig 902, which are cylm 
ducal pieces of steel bored to fit the rod, and cut with teeth on 
the outer cylindiic il pai t and on one flat surface , a pm is inserted 
tin ough both the cuttei md bai, so that the two maybe united aftei 
they have been placed within the joint to be worked , sometimes 
the back free of the euttei has only a dnmetrical notch to leceive 
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the diiving pm, which pushes the cutter before it as it levolves 
A recess must fiist be cleaied foi the cutter with a chisel and 
hammer oi by a wide joint saw or cutter, such as fig 713 , and 
the hollowed parts at a a fig 900 are then cut throughout 
their length with the cutter, thit aftei\\ards selves to flatten 
the faces of the knuckles in exact paiallelism thioughout, and at 
right angles to the cential hole 

The two halves of the joint having been separately hollowed 
and faced until the knucl les will penetiate some distance into 
one another, the external paits of the joint aie next sepaiately 
filed under the guidxnce ot haid steel iings or templets of the 
same diameter as the cutter, and placed on the cylindiical rod 
after which the tw o pai ts of the joint are put together when yet 
slightly too laigc, and the cential pm is inserted in order that 
the rubbing of the knuckles ag iinst the corresponding hollows 
maj denote the parts that are still too high or full and by 
cautiousl} remo\ ing all the paits that are abi aded the j oints may 
be made to fit veiy closely and accuiately, and \et to move with 
gieat smoothness 

Mmy joints that aie at the same time wide ind small as in 
hinged snufl boxes could not be dulled as above desciibed with 
safety and lie tlieiefoie mide quite diffeiciitly by means of 
small tube, called joint wiie the mode of di iwmg which was 
Gxpl lined in vol i pige 129 

For instance in m iking i snufl box the inns foi the top and 
bottom aie fitted ind jointed together before the top and bottom 
plates aie soldeied in, and the joint is thus constructed Sup 
posing that five knuckles aic lequued foi the bottom, and four 
for the top, the nine pieces of joint wiie aie cut off, and filed 
square at the ends the urns foi the top and bottom having been 
fitted so as to foim the leb ito, aie placed together, and caiefully 
filed out with a seniiciieular recess oi groove, by means of a 
paiallel round file oi a joint file, exictly of the diameter of the 
joint wiie which theicfoic leaves a hollow equal to the fourth 
pait of the cncle in each urn 

Five of the joint pieces aie then stiuiig on a wne,inseitGd m 
the hollow of the urn foi the bottom of the box and tied therein 
with fine binding wire, the intervals between these five knuckles 
aie regulated h} inseiting the other foui between them for the 
moment, while the binding wire is being fastened, after which 
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thisfiist senes of knuckles is soldeied m with modeiately hard 
silTer solder which is usually fused with the blow pipe Ihe lid 
IS then tieated in the same manner and the bottom pait of the 
box now serves as the gage for legulating the distance between 
the knuckles in the top nm Ihe same pi in is also used by 
mathematical instrument makers and others who howeiei moie 
geneiall;y turn the joint pieces m the lathe as the diaw bench 
foims no pait of then ordinary supply of tools, and the wide 
joint pieces oi knuckles in mathematical woiks are usually 1 irger 
than could be produced in that manner 


SECT VIII COMPABATIYE SEETCH OE THE APPLICATIONS OF THE 

FILE AND OF THE ENGINEEB, S PLANING MACHINE ETC 

Ihe general aim of this present section, is to show by way 
of contrast how several of the pieces advanced as illustrations 
of woiLs executed with files in sections iv to vii arepioduced 
by the planing machine and analogous contnvances 

The compaiison of the modes of producing flat and rectilinear 
woiks with the file and with the planing machine is gieatly 
in favour of the latter method in respect to facility, expedition, 
and accuiacy and the modes are besides entirely different 
For instance, the laborious and tedious mode oi filing a flat 
suiface has been spoken of at some length, and it will be 
lemembeied the work is fixed and the tool is moved in a vaiiety 
of directions upon the suiface to be filed 

So fai as the action of the smith s hand plane for metal (page 
483) and caipenteis planes may be biought into compaiison, 
they aie used m many lespects a,s the files, but are applied 
generally paiallel with the one side of the superficies that is 
being wrought 

But the eiigineei s mode of planing works in metal is entiiely 
different fiom either of the above and is stuctlj analogous to the 
mode of tuinin^ works in the lathe with a slide rest if we 
consider the axial motion of the lithe to be replaced by the 
7 eetdmear motion ot the planing machine, as wasbiiefly expl uned 
in general terms in the mtioduotory chapter to the present 
volume morepaiticulaily in reference to the ''guide jgiinujpUfi 
see pages 168 and 469 

Ihe work to be planed, is there briefly described as fixed on a 
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or sledge that is made to move to and fio m a tme 
‘ight line, as upon a very iccuiate railway whilst the cutting 
;ool which is ]ust like those used m the turning lathe was 
lupposed to he affixed to a budge standing acioss and at light 
ingles to the railway Such a fixed tool would plough a fui row 
n the woik which fuirow would be accuiitely stiaight as the 
:ailway oi guide fioin which the work itself leceived us direction 
)f motion 

If theieadei will onl} conceive the woik to be continually 
noved to and iro upon the slide or railwa\ a distance equal to 
ts own length and th it by a subsidiary contnvance or another 
ihde placed hoiizontally, the tool between each lecipiocation of 
he woik were moved a small distance to the right continually, a 
series of giooves would be ploughed all individually light lines 
md these giooves would shave off all the aspeiities and inegu 
aiities of the work leaving it finely grooved in paiallelfuirows 
Dr proMded the end of the tool weie flat and evei so little 
noadei than the small interval between the successive stiokes, 
he tool would leave a pi me or smooth suiface, and the pei 
ection of this suifice would mainly depend on the railway or 
he cutting slide, and the horizontal or position slide, being 
^ach tiul} rectilineal 

Supposing now, by means of a thud slide placed exactly 
lerpeiidiciilai the tool were depressed the tenth of an inch md 
he process weie entnelj repc itcd the smfxce would be reduced 
VI th pci feet unifoimit} one tenth of an inch all over and the 
row surf ice would be mathematically paiallel with that existing 
mmcdiately pievious Pin suing this idea let it be fiuther 
uipxiosed that the suiface just ]Dluned is the upxoer suiface of the 
: Ullage oi sledge of the planing m ichine, technically known as 
;he bed or table, upon which the work that is to be planed is 
ixed b} screw bolts and clamps 

It will now be shown how the piece represented by A B, C, 
.11 fig 868 pige 879 would be treated in the xdanmg machine, 
n Older to make its sides stiictly par illel in purs ind also at 
light angles to each other, in short, to convert it into a true 
p 11 allclopipedon 

The side A, of the piece would be first placed uppermost and 
:oiiectly jplaned afterwards the side A would be inverted and 
placed on the bed of the machine, care being taken that no 
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shavings intervened to pi event their coming into absolute con 
tact, and the second face, or a, would be planed stiictly paiallel 
with A and that without any especial caie on the part of the 
operator 

Next, to plane the edge B, it would be necessary the third 
slide of the planing machine should be placed tiuly vertical, 
and that between each recipiocation of the bed of the planing 
machine on its railway the tool should be depressed a small 
quantity by the veitical slide so as in the end to make it slowly 
descend, by intermittent steps down a veitical and right line, 
exactly equal to the peipendicular height of the side B 

All things now remaining fixed as before, if the tool were 
traversed hoiizontally until it touched the second edge oi this 
edge of the woik would, on puisuing the same gridual depres 
Sion of the tool be planed also veitical and in stiict paiallelism 
with its opposite, or B 

Continuing the same older of woik as in the hand process, 
the ends C, c, would require the work to be leleased fiom the 
bed of the machine shifted just 90 degiees and then refixed 
when the ends C c would be treated exactly as B & had pie- 
viously been and would thence be made parallel and square 

In some instances, indeed the analogy to the railway is stiictly 
maint lined for \ faithei stage of the woik, as such a piece as 
A B C fig 868 would sometimes be mounted as it were upon 
one of the turn plates by which the lailway carnage is twisted 
one quaitei round piepaiatoiy to moving it from off the prm 
cipil to an adjoining line In the planing machine the turn 
plate on which the work is fixed is a supplementary circulai 
bed having a hoiizontal or azimuth motion so that by leiving 
the tool un altered except m its veitical path the several edges 
of anyieguhi polygon whethei a square plate or a triangle 
pentagon hexigon Ac may be planed with strict accuracy 
I he sides of anj iiiegulai polygon, may be also planed, by 
moving the tool so much on the tiansveise oi hoiizontal slide, 
IS the diffeieiices m the i idial distinces of the sides of the 
unequal polygon fiom the center of the turn plite 

Supposing the piece ABC, fig 8 08 to be bevelled oi cliamfeied 
on one oi all of its edges, the slide which had been previously 
fixed in the veitical line, oi pcipendiculaily, would be inclined 
the precise inunhci of degiees leqimed, so as to pioduce the 
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chamfered edge with as mnch facility as the square or vertical 
edge 

The moie convenient course in small and long works of 
sections lesembling figs 871 to 874, is to place upon the bed of 
the planing machine two headstockb or lathe heads, the one 
furnished with a dividing plate and so arranged that the axis 
of theheadstock is stiictly paiallel with the path of the railway 
or mam slide of the planing machine In this case the planing 
tool IS ilinost always made to traveise horizontally, and which 
indeed IS the most geneiall} convenient The tiiangulai prism 
fig 874 would be planed with gieat ficihty and tiuth by placing 
it m thiee successive positions, one thud of the ciicle or 120 
degrees asunder by means of the dividing plate, and if the axis 
of the head stocks weie inclined veiticillj, a triangular 
or wedgCi instead of a tiiangular pism, would be produced 
Ihe headstocks if horizontal and shifted four times, or ninety 
degrees each time would plane square or rectangular piisms,and 
of course also the rectangular faces of the pieces 871, 872 and 
873 , and again if instead of constantly shifting the headstocks 
ninety degiees, as for the rectangular paits the changes were 
thnty foit} five oi sixty degiees accoidingto the angles lespec 
tively lequiied m the objects repiesented the bevillcd or clnm 
feied edges would be obt lined with grcit ficility and accuracy 

ilie pluiing machine almost cntiiely xnevents the necessity 
foi building up woik in a dissected stih as in the ligiiies 877 
ind 878 as such giooves may be sunk, and any fillets may be 
Xilaned, upon the upper suifaces of woiks, the veitic il ox lateral 
surfaces and even the lowei oi inteiioi suifaces by bending the 
tools into appiopiiate foims, so as to leach into the parts, after 
the mannex of fig 4 39 page 534 as such contoxtioiis of the 
instruments do not m any lespect inteifere with the paths of 
the slides in which the tools aic fixed and guided 

And consequently, many parts of machinery that if worked by 
lumd would be veiy difiSicult of access, and also verj difficult of 
Xnoof miespecttothcii accuiacy,are xccomxilished mtheplxnmg 
mxclime with a degiee of facility most satisfactory to the mind 
xsiegaids then absiiact tiuth and the paiallelismof then vxiious 
paits howcvei sii xngely situated, and also most satisfactory, as 
legaidb the lelxtive economy of the method, indeed the planing 
machine may be tiuly considcied to have effected a most enoi 
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mous and beneficial revolution m tbe art of metallic constiuction 
generally 

The ke}^ giooves in wheels for the keys or wedges by which 
they are attiched to then shafts, when made by machineiy, aie 
cut out by a modification of the planing machine invented by 
Mr Eichaid Eobeits, of Manchester it is designated the key 
groove engine and may be piesumed to have been derived fiom 
themoitising engines in Biunel’s block mac}imery(a^ii(3 50^ 6) 

The cuttei used in the Ley groove engine resembles a stiong 
mortise chisel, and is recipiocated in a vertical line by meins of 
a Clank oi excentiic, whilst the wheel to be grooved is placed 
horizontally on a slide and traversed towards the cutter until it 
has entered to the required depth To make the groove taper 
to the same angle as the key or wedge, the slide is tilted some 
one or two degrees and if two or three key ways are wanted 
instead of one only then the wheel is mounted on a species of 
turn plate with notches cut on its edge, by means of which the 
giooves are placed at exactly equal distances, as in planing 
squares hexagons, &c 

An offspring of the key groove engine called the 'paring or 
slotting 'machine, is also commonl} used to fulfil many of the 
works hitheito performed with the file The tool of the slotting 
machine resembles in all respects that used m cutting key vays, 
but the slotting machine has two hoiizontal slides at light angles 
to each other and a circular adjustment or turn plate allthiee 
used in shifting the position of the work beneath the cuttei and 
all three fitted with ippnatus for mechanically the cut 
as it IS technically called or for moving the respective slides \ 
minute quantity between every stroke of the reciprocating cuttei, 
thus making the machine self acting 

In such i slotting ind paring machine, the piece fig 879 on 
page 882 could be produced without the mteivention of filing 
The cential hole d and the holes at the one extremity of each 
mortise s s and c c would be fiist drilled the work would be 
guided by a pm in the centei of the turn plate, fitted into the 
center hole d The hole s vould be elongated into the straight 
mortise by a chisel of the s ime width the woik being traversed 
beneath it by one of the straight slides The other hole c, would 
be elongated into the cncul ir mortise by the gradual adjustment 
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of the turn plate \\hich would swing the work round on its 
axis d The turn plate moving on d would ilso sei ve foi paring 
the outei edges paiallel ^ith the circular moitise and the 
stiaight slides would enable the exterior straight lines of the 
vork to be paied 

Even the small semicncles around the ends of the circular 
moitise in fig 879 might be shaped if before the formation of 
this moitise the piece weie chucked with e c successively m 
the centei of the turn plate or a cle\ei workman, by moving 
the two slides by hand, oi independently of the self acting feed, 
would follow any such outline with toleiable reguluity remov 
ing the bulk of the metal, and leaving the pai ts squaie on the 
edge, and pretty nearly perfect in form so that a little filing 
would complete them satisfactorily and thus, by the manual 
adjustment of the slides, many irregular curves are pared out, 
to any particular outline pieviously drawn on the woik by that 
method which the mathematician would perhaps call the method 
of double oidinates 


Anothei modification of the planing machine, called the 
shaping machine, and which may be consideied to have giown 
out of the paling machine last alluded to is much used m coi 
rectmg the foims of the circulai and other paits of laige works 
of the character of figures 897 to 900 pages 893 89i In 
such woiks, the central hole is fiist bored out, the object is 
then chucked on a spindle, or arbor, which may be almost con 
sidered as the mandrel of a turning lathe , the tool is next 
traversed above the work, and m a line paiallel with the axis 
of the mandrel, whilst, at every stroke the mandrel is slightly 
moved on its axis so th at m the end, the whole of the circulai 
arc IS accurately shaped 

These shaping machines have also generally two rectilinear 
slides at light angles both to each othci and to the axis of the 
mandrel either of which or the revolving aibor, can be set to 
feed itself so that by a little dexterity of manipulation all the 
edges of a piece, such as fig 897, could be shaped, even including 
the hollow as the cutting tool is iilaced at the end of an aim, or 
radius, of some three to six inches so as to be applicible to the 
cutting of inve'] ted arcs 

In this manner, with the preparatory aid of the turning- 
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lathe, eveiy pait of the cioss heid figs 903 and 904 may be 
wrought mechanic ill} The woik is first chucked in the lathe 
between centeis on the line a a whilst the whole of the contoui 
in the side view fig 903 is turned and also the beaimgs e e ^ 
it IS then fixed ti insveisel} on the face chuck of the lathe to 
boie out the center hoi h b for the piston rod and to turn the 
cential flat suifice After this the lines seen in the plan 
fig 904 may be completed in the shaping or paring engine, the 
cential convex part by the twisting of the woik on the general 

Eig^ 903 h 
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centei the concave parts b;} the twisting of the tool on the 
centeis e c and the straight paits by the movement of the 
horizontal slides and these se\eial changes may be so nicely 
managed as to render the joinings of the several lines scarcely 
distinguish ible 

The method followed m mal mg such works is not always as 
above desciibed, as in many such pieces especially m those of 
laige size, the planing machine is brought into requisition and 
sometimes also boring machinery by which likewise the hollows 
c c may be shaped out Ihe aitist has altogether omitted the 
ti msveise mortise for the key which fixes the piston rod and 
which moitiseis madem the key waj oi paring engine leaving, 
m fict nothing to be accomplished by hand labour 

Many of the varieties of machines foi planing and shaping 
metal works with a single pointed tool, and various other 
machines of similar effect, in which ciicuhi cutters are used, 
might be here noticed, xnd in which numerous machines objects 
that weie formerly always shaped by filing, are now worked by 
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mo-chmeiy , but it is hoped enough has been shown to satisfy the 
reaclei that almost anj solid with plane oi circulai surfaces, how 
evei numerous oi combined, and also many iiiegular oi aibitiary 
suifaces aie in the piesent day most effectively pioduced by 
means stiictly mechanical But it ivill be boine in mind, that 
the detailed investigation of these matters appertains more stiictly 
to the pioposcd filth volume to be devoted to the ‘Pimciples and 
Piactices of Mechanical Engineeiing and in which it is pro- 
posed this trifling sketch should be filled up and elaboiated 

The author cannot, however conclude this chapter on files 
their applications and certain lelative topics without advei ting 
to the 1 evolution as regards filing, consequent on the mtroduc 
tion of the planing machine and its descend ants a revolution 
more especially felt in regard to the larger classes of machinery 

The obMous effect of the luge and economic accession of 
engineeis tools which act by cutting, has been to lessen in a 
piopoitionate degree, the employment of files and of minual 
piocesses generally amongst engmeeis and those occupied m 
the consti uciion of 1 iige machinery It necess inly follows as a 
lesult that amongst such aitizans the piactice of filing fiom 
being less leqniied is far less gencially Icained by the piesent 
race of woikmcn and consequently many of the latter, when 
depiived of the lefined macluneiy of the woikshop, and tin own 
upon then own handiciafi or manuil effoits with the simplex and 
eaihei tools, aie ceitaiuly less skilful than then predeccssois 

The ait of filing IS ho wevei, still laigely employed and will 
pi obably continue to be fostered as much as ever amongst aiti 
zans who woik on smaller objects, and those to which macluneiy 
of the kind lefciied to, is loss applicable than the file and its 
more simple congenitois by means of which alone, when em 
ployed with skilful manipulation, highly elaboiate and accuiate 
woiks have been and may still be pioduced, although in many 
instances at a gie iter cost 

In justice to the file it is also light to state, that in many cases 
it IS indispensable that woiks pioduced in the planing and othei 
inichmos, should be finished and adjusted by means of smooth 
files , and fuithei tint the machines refeircd to aie unavailable 
in many small woiks, which c m only be pioduced by individuals 
who hive boon long and delicately skilled in the use of the file 
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SrCT I INTEODUCTION C0TTIN& NIPPEHS TOE WIEES 

Sheaes aie instruments of a chaiactei quite diffeientfrom 
any of those Intheito descubed, as the cutting* dges of sheaiing 
tools aie always used in pairs and on onposite sides of the 
material to be sheared or severed In many eases the shears 
are constructed after the manner of pmceis and pliers oi as two 
double ended levers unit* d at the fulcrum by a pin, but other 
modes of uniting the two cutting parts of the instiuments are 
also employed, as will be shown 

The geneial foim and position of the cutting blades of shears, 
was adverted to in the elementaiy diagiam fig 316, at the begin 

ning of this volume and the sec 
tions of some vaiieties of this 
inst ument aie rcpiesenied by a, 
b, c ot the annexed fig 905, fiom 
which it will be seen that the edges 
of shears and scissors meet in 
lateialeontict and pass close against 
one another severing the material 
by two cuts, or indentations, or thrusts, which take place m the 
same plane as that in which the blades aie situated and are moved 
Some of the largest shearing tools of the kinds used by engi 
iieers, such as c serve to divide bars of non, 4 o or 6 inches 
wide and 1 to 3 inches thick then requiiing the greatest pos 
sible solidity and freedom from elisticity 

On the other hand some of the finest scissois of the section a 
such as are used by ladies in cutting lace will cut with the greatest 
cleanness and perfection, the most flexible thread or tissue of 
threads, or the finest membranes met with in animal or \ eget ible 
structures Eut this latter kind of sheais unlike the engineei^s 
sheais, is altogethei useless unless possessed of a considerable 
shaie of elasticity to keep then edges in accurate contact at 
that point in which the blades at the moment cross each other, 
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‘IS will be explained otheiwise such tlnn materials aie folded 
clown between the blades instead of being f inly cut The tran 
sition fiom the elastic to the inelistic kinds of shears is not as 
ina'^ be supposed by one defined step but by giadual stages, 
mil ingit as difficult m this as in othei clxssifications, to idopt 
an^ piecise bne of demai cation 

In addition to the ibove oi to sheais pioperly so consideied, 
theie are a few tools known as cutting plieis or nippers, in 
which the blades meet in diiect opposition but do not pass each 
othei as in the legitimate kinds of sheais this Lindisiepresented 
by the section d fig 90'), and it is pioposed to considei these 
several tools as neaily as miy be undei foui heads, namely, — 
Sect I Cutting nippeis foi wiies 
„ II Scissois and sheais foi soft flexible materials 

, III Sheais foi metil woiLed by manual power 
„ IV Engmeei^s sheaung tools, generally worked by 
steam powei 


Cutting plieis if the} \dmit of being classed with sheais, are 
certainly the most simple of the group, and are used for cutting 
asunder, small wires nails and a few other substances Iheir 
edges aie simpl} opposed wedges exactly as shown m the above 
dngiam at d and as respects the lemnnclei of the instruments 
by winch then wedges are compressed the most simple kind 
CMCtly resembles caipenteis ordinal} pincers for di awing out 
nxilb, except that the cutting pincers are made with thinner 
edges and figs 900 to 909 overleaf represent different kinds of 
cutting plicis and nippcis 

When cutting nippeis are compressed upon a nail or a piece 
of wiie, they fiist indent it on opposite sides, and when from 
then penetration, the surfaces of the wedges exert a lateral 
pressure xgainst the material, the latter eventually yields, and is 
torn asunder at the moment the pressure exerted by the wedges 
exceeds the cohesive strength of the central metal yet uncut 
Consequently the divided wire shows two bevilled surfaces, 
t( imin iting in x ridge shghtl} torn and ragged The quantity of 
tlie mateiiil thus tom instead of being cut, will be the less the 
soltei the metal and the keener the pliers, but expeiience shows 
an angle of about 30 to JO degices to be the most economic xl foi 
the edges of such tools 

i N 
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Little remains to lie said on the varieties of cutting pliers 
most of these used by geneiul uitizans and clockinakeis, aie 
smallei than carpenters pinceis and the extremities of the jaws 
aie bevilled as in ucitch nippeis, fig 900 that they may cut pins 



lying upon a flat surface Othei cutting pliers calledsidc nippeis 
aie oblique as in fig 907 , those used for the dressing case and 
known as na%l nippers are concave on the edge to pare the nails 
convex, and another kind known as nipper pliers, hell hanget s oi 
bottler s pliers, have flat points at the endfoi gi asping and twisting 
wires, and cutters on the sides for removing the waste ends, as 
shown in fig 908 

Surgeons also employ cutting nippers, for dividing smallbones 
such as those of the fingers and toes, and for removing splintered 
and dead portions of bone They assume the forms already 
explained, and also some others as will be seen on consulting 
the work before quoted in the foot note, pages 801, 2, namely 
Seeng s Aimamentanum 

The edges of cutting mppeis aie apt to be notched, if used 
upon hard wiies oi if wiiggled whilst the cutting edges aic 
bulled in the wiie and they scarcely admit of being legronnd or 
repaiied This inconvenience led to a modification of the 
instrument fig 909 by the enlirgemeiit of the extremities to 
admit of loose cutteis fitted in shallow grooves being afifixed by 
one ^crew in each as shown detiched at c, so that the cutters 
may admit of removal and restoration by grinding which 
end IS effectually ohtaii ed although somew hat to the pi ejudice of 
the instrument by increasing its bulk * 


* H Bursill a youtli only year? old was ic wauled foi this contiivanco hy 
the Society of Arts m 184u 
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SECT 11 SCISSORS AJSD SHEARS I OR SOFT FI EXIBLL 

MATERIALS 

The sci'^isois and shears to be desciibed in this and the sue 
ceeding section, act on a veiy diffeient piinciple fiom the nippers 
lecently spoken of liie nippers have edges of about 30 to 40 
degiees meeting m diiect opposition, but yet leave ragged edges 
on the woik wlieieas the sheais hive edges commonly of 90 
degiees, seldom less than 60 degiees these edges pass each othei 
and leave the woik remaikibly keen uid exict 

Let the edges of scissois he ever so well sharpened, they act 
veiy impeifectly if at all, unless the blades are in close contict 
it the time of passing , and this imperfection is the more sen 
sible the thinner and more flexible the m iteiial to be cut, as it 
will then fold down between the blides if they do not come 
in contact Wheieas when the blades exictly meet, the one 
selves to suppoit the mateiial whilst the other seveis it or 
lather this action is recipiocal and each blxde supports the 
mateiial for the othei fulfilling the office of a countei suppoit 
01 of the bench, stool oi cutting boaid used by the carpenter 
with the paling chisel 

On a cuisoiy inspection of a pan of oi dinar} scissois it may 
be supposed that their bl ides aie made quite flat on their faces oi 
with tiuly plane suifaccs like the diagiam fig 910 oveileif lepie 
senting the imaginary longitudin il section of the instiument, 
the two blides of which iie united by a sciew consisting of 
three parts difieiing in diamctei, nimely the head, i\iQ 9icc/,and 
the tluead the bottom ot the countei sink that leceivcs the 
head of the sciew is called the shelf oi the Uvittei hit If how 
Gvci the insides of scissois weie made flat and as caiefully as 
possible, they could sciicely be made to cut slendei fibious 
materials oi it at all, then for only a shoit peiiod and additional 
fiiction would acciue liom the nibbing of their surf ices 

Ihe loim which is leally adopted more resembles the exag 
geiated diagiam fig 911 the bl idcs aie each sloped some 2 oi 3 
degiees from the plane in which the} move, so that their edges 
alone come into contict , instead of the blades being stiaightin 
then length they aie a little cuiied so is to oieilij) , and close 
behind the sciew pin b} which they aie united, theie is a little 
tiiingulai elevition, insignificint in si/c but most impoitaiit in 
effect, which miy he considcied is a miniitiuc hillock oi iidge, 

3 N 2 
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sloping away to tlie geneial oiirfice neai the hole foi the sciew 
This enl iigement oi bulge is technic illy colled the 7 id%nq fart 
and as there is one on eacli blade when the scissois are opened 
01 th it the blades me at light angles, the points or extiemities 
onl} of the iiding pmts come into contact and the joints may 
then haye lateial shake without any prejudice Bat as the 
blades ire closed, fii st the bases oi points of the riding paits and 
lastly the summits oi tops rub against each othei and tilt the 
blades beyond the central line of the instiument the effect of 
which IS, to keep the successive poitions of the two edges in con 
tact thioughoat the length of the cut as by the time the scissois 
aie closed the points of the blades aie each spinng back to the 
centiallme of the scissois which is dotted in the diagiam 
Although scissois when in perfect condition for work, maybe 
loose or shake on the joint when fully opened (and theieby 
placed bejond then lange of action ) they will be alwa} s found 
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to be tight and free fiom sbal e as soon as the blades can begin 
to cut the mateiial neai the joint and so to continue tight until 
they meet at the points That all scissors do exhibit this con 
stiuctioii nia} be easily seen, as when they aie closed and held 
edgeways, between the eye and the light they will be found 
only to touch at the points and at the iichng parts, oi those just 
behind the joint scicw, the lemaindei being moie or less open 
and gently cuned and their elistic action will also be expe 
iiencedby the touch, is whilst good scissois aie being closed, 
theie IS a smoothness of contact which seems to give evidence of 
some measuie of clasticit} 

Big 912, lepiescnts the section of the one blade of a pan of 
SCISSOIS icgisteied m July 1811, by Mi <3r Wilkinson, of Slief 
held and in which the clastic piinciplc is diheiently intioduced 
These scissors aie made without the iiding pm t, but instead 
thcieof, immediately behind the sciew which unites the blade 
as usu \1, the one blade is peifoiatccl, foi the puipose of admit 
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ting fieely a small pm oi stud fixed to tlie end of a slioit and 
poweiful spimg so that the stud s, fiom acting on the opposite 
blade thiows the points of both towaids each othei so as to gi\e 
them a tendency to cioss but which being lesisted by the edges 
of the blades touching one an othei, keeps them veiy agreeably 
in contact thiougliout then motion, and cau'ses them to cutveiy 
well 

If fuitbci evidence is wanted of the elastic pimciple in scis 
sors, it is distinctl} shown in sheep she us which besides thou 
ostensible puipose of sheaiing off the fleece aie used b} leathei 
diesseis and othei s It is well known tint sheep sheais, fig 010 
page 915, aie made as one piece of steel, which is tapered at 
each end to constitute the cutting edges is then for a distance 
fluted and str light to form the semi cylmdiicxl paits for the 
giasp, and that in the centei oi opposite extiemity, the steel is 
flattened and foimed into a bow by which the blades aie united 
and kept distended , sheep sheais consequently require no ]omt 
pm and the hands have only to compiess them as they spiing 
open for themselves It sheep sheais aie examined when fully 
opened, or when partially closed by t}ing round the blades a 
loop of stung it will be found that the blades have a tendency 
to spring into contact as aitei having been pressed &idGwi}s 
and asunder, the cutting edges immediately ictuin into exact 
contact the moment the distending picssuie is removed 

ihe constiuction of scissors with the riding plicc as adveited 
to m fig 911 IS that which oidinanly obtains in most scissois, 
liom the finest of those used by ladies, to the heavy ponderous 
shears for tailors which sometimes weigh above six pounds, 
and are rested on the cutting hoard h} one of their bows, that 
are large enough to admit the whole of the fingeis 

Ihe peculiai foim of the insides of the blades is in all cases 
of paiamount importance, and m the manufactuie of fine scissoi s 
is attended to by a person called a jputte't together whose pro 
Miice it IS to examine the screw joint, and see to the foim of the 
iidmg iffaces, and lastly to set the edges of the scissois, winch 
for general purposes are sharpened on an oilstone at an angle 
ol about 40 degrees, hutfoi the fine scissois more nearly upiight 
01 at 30 degiees from the perpendiculai 

So impoitant indeed is the configuiation of the inner face of 
SCISSOIS, tint they should ncvei be giouud oi meddled with at 
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that part, hut by a person full} expeiienced in then action and 
scissors may with caieful usage be kept in older foi }ears with 
out being gioimd if the edges are occasionally set on the oil 
stone at the inclination above leferred to It will frequently 
happen that well made scissors which appeal to giate a little 
when closed meiely do so from diit or dast which if lemoved 
by passing the finger along the edges will lestoie the scissois 
to their smooth and pleasant action 

It seems quite uncalled for to entei into the separate desciip 
tionof vaiious instruments known as button hole scissors cutting 
out, diapers flowei gaiden and giape scissois hoise turn 
ming scissois h in, lace lamp nail papei pocket stationeis 
ind tailois scissois and many otheis nor of the large sheais 
foi the gaiden such as piunmg tiimming and boidei sheaib 
the distinctions between which vaiieties aie sufficiently known 
to those who use the seveial kinds but the author will meiely 
notice such of them as present any peculiaiity of stiuctuie 
Button hole scissors aie notched out towaids the joint sciew 
as in fig 914, so as to enable the instiument to make an incision 


Figs 913 m 



a little distant from the edge of the mateiial, the joint must 
be made stiff so as to prevent the points catching against each 
other 

Flower and giape scissois assume the section of fig 913 so that 
they first cut the stem, and then hold it like a pan of pliers the 
one blade requires to be made in two parts iiveted together, 
when entirely closed they present an elliptical section a, and b 
shows how the stem of the flower is giasped the blades are 
lounded at all paits that they may not injuie the plants 

Lamp scissors have the one blade veiy bioad and with a little 
iim to pi event the snuff of the lamp falling on the carpet 
Nail scissors for the dies&ing case are made veiy stiong and 
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with slioit blades In using scissois foimed in the ordinaiy 
mode the fingers and thumb of the light hand have naturally 
a tendency to pi ess the blades together, in that position in 
which they are intended to cut, but the left hand on the 
central y has a tendency to separate the blades and defeat the 
principle on which scissois act Theiefoie nail scissors are 
made in pans and foimed in opposite wa^s, or as ''^lights and 
lefts, so that they may suit the respective hands 

Pocket scissois have blades which admit of being locked 
together in the form represented in fig 915 as the point of the 
one blade catches into a small spring near the bow of the other 
and the instrument cannot be opened until the spring or catch 
IS released with the nail When closed for the pocket, the 
bows stand on one line is at a 6 when opened foi use as at (X c 
Surgical scissors aie of many forms but have generally short 
blades and long straight slender handles tint the hand may not 
impede the vision In some of the surgical scissors the blades 
are curved as scimitars and others are curved sideways, these 
kinds are difficult to make as the elasticity of contact in the 
blade is required neiei tireless to be maintained 

Many of the shears and scissors used in gardening only 
differ from scissois and shears in general m their size, and the 
adaptation of then handles some of which are of wood, and 
phced at an angle of 40 or 50 degrees as in the letter Y 
inverted Other gaiden shears used in trimming borders, 
ha\e handles a yard long and inclined about 80 degrees to 
the blades, which may therefore lie on the ground whilst the 
individual stands nearly erect Some of the border shears 
have rollers to facilitate their movement along the ground 
In pruning shears and scissors, two peculiarities of form are 
judiciously introduced In the more simple of the two kinds 
which IS shown in fig 916 the one part of the instrument ter mi 
nates in a hook, with a broad and sometimes a roughened edge, to 
retain the branch from slipping away, the other part of the instru 
incnt is formed as a thin cutting blade, the edge of which is con 
vex Theoretic illy it should be part of a logarithmic spiral in 
winch ense the edge of the cutter would present a constant angle 
to the work throughout its action, and slide laterally through 
the incision made by itself, or make a sliding cut, whereas if 
the edge of the blule wcie ladiil, it would nuke i direct cut 
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Without any sliding as in a paring chisel Ihe spii il hi ide cuts 
moie easily, and will theiefoie remove a larger hi inch with an 
action piecisel} analogous to that of the oblique cutteis in some 
of the planes, although diffeiently produced 

Some of these instiumeuts when a little modified in foim are 
mounted on poles fiom 6 to 10 feet long, and are actuated by a 
catgut, this tool which is known as the Averioncato^ , is yeiy 
efficient for piuning at a consideiable distance above the head 
The othei piuning aheais repiesented in fig 917 aiedenoini 
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n ited sliding sheaiSf the pin that unites the two paits fits in a 
round hole in the one blade and along moitise in the other and 
a link 01 budle lod c e, is attxched by a sciew to each lever , in 
consequence when the instiuinent is fully opened the pm oi 
fulcium IS at the end a of the moitise wheieas on the sheais 
being giadually closed, the cutting blade slides downwaids upon 
the pm until the fulcium is near the opposite end b In this 
modification of sheais the sliding action is pioduced to a much 
gieater extent than with the spiialblide but the construction is 
a little more expensive and as the instiuinent is not piovided 
with bows for the fiugeis the spring de is added to thiow it open 
Bcfoie dismissing this section two modificitions of she us 
will be biiefly advcited to those used by caid makeis and the 
levolvmg shells employed in manufxctuiing woollen cloth 
Caid pipci IS pi ep lied mlaige sheets when diied indpiessed 
it IS cut into squire pieces of the lequiied sizes by means 
of long sheais, the one blade of winch is fixed at the end 
of a table, and has the joint at the futhei exticmity, whilst 
the cutting blade his a handle in fiont, and moves thiough a 
loop to keep the blade m its position as in some chaft cuttin^ 
machines, thcie is also a stop fixed paiallel with the blades 
and as distant as the width of the ^lii)S into which the caid is 
fust divided, and these slips aie then cut igam the lengthway 
of the cuds The she us iic moved so i ipidly, that the iction 
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sounds like that of knocking at a dooi, and still the raids agiee 
most iigidly in size 

Eevolvmg shears or pcjpetual shea7s * are nsedfoi sheaimg 
off the loose fibres fioin the face of woollen cloths Foi naiiow 
cloths the cylmdeis aie 30 inches long and 2 m dinneter, eight 
thin knives aie twisted aiound the cylinders, making turns 
of a coaise sciew, ind are secuied by suews and nuts which 
pass thiough flanges at the ends of the axis foimeily the 
cylmdeis were giooved and filted with several thin naiiow plates 
of steel 6 or 8 inches long The edges of the eight blades aie 
giound so as to constitute paits of a cylmdei by a giindei oi 
stnchle fed with emei} passed to and fio on a slide pai allel with 
the axis of the cylmdei which is dinen at about 1200 turns m 
the minute 

In use the cylinder revolves about as quickly and m contact 
with the edge of a long thin plate of steel, called the ledger 
blade, which has a veiy keen rectilinear edge me isuung 40 to 50 
degrees the blade is fixed as a tangent to the cylmdei, and the 
two are mounted on a swing carnage with two h indies so as to 
be brought down by the h inds to a fixed stop Ihe edge of the 
ledger blade is sharpened, by giinding it against the cylmdei 
itself with floui eineiy and oil by which the two aie sure to 
agree thioughout then length 

The cloth, before it goes thiough the iirocess of cutting is 
blushed so as to laise the fibres it then passes fiom a roller 
over a lound ba-' and comes m contact with the sptingbed 
which IS a long elastic plate of steel, fixed to the fiamingof the 
machine, and nearly as a tmgent to the cjlindei, this bungs 
the fibres of the cloth within the ringe of the cutting edges, 
which reduce them veiy exactly to one level The machine has 
several adjustments foi cleteiimning with gieat nicety the 
relative positions of the cylmdei ledger blide and spiing bai, 
but which could not be conveyed without elaborate drawings 
loimeily the cloth was passed over a fixed bed having a neatly 
shiip angulai ridge, but which mode was far moie liable to cut 
holes in the cloth thin the spring bed 

Broad cloths require cjlmdeis Go inches long, and machinery 
of propoitionally gieatei strength In Lewis s patent cross 
cutting machine the cloth is cut from lut to list oi transveisely, 
in which c ise the cloth is sti etched by hooks at the two edges, 
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and there aie two spring beds the cylindci m this machine is 
40 inches long and the cloth is shifted that quantity between 
every trip until the whole piece is sheared The perpetual 
sheais aie also successfully applied to coaise fabrics including 
carpets * 

A modification of the above levolving sheais, made m a much 
less exact manner for mowing grass lawns is fitted up somewhat 
as a wheel barrow, or hand tiuck so that the lotation of the 
wheels upon which the machine is rolled along gives motion to 
the shears, which crop the grass to a level surf ice 

SECT III SHEARS EOR METAL WORKED BY MANUAL POWER 

When metals are very thin such as the latten brass used for 
plating and other purposes they may be readily cut with stout 
scissors , and accoidingly we find the weakest of the shears for 
metal ire merely some few removes in strength, beyond the 
strong scissors for softer substances 

It is howe\er to be observed, that as common scissors are 
sharpened to an angle varying from about 50 to 60 degrees, they 
may fairly be considered to cut the materials submitted to their 
action, but sheais for metxl have in genevel rectangular edges 
as they are seldom more acute than 80 degrees, and therefore 
instead of cutting into the material they rather /orce the two 
parts asunder by the pressure of the two blades being exerted 
on opposite sides of the line of division 

It was recently stated to be of the utmost importance that 
the blades of the weaker or elastic kind of shears should be 
absolutely m contact, or else thin flexible mateiials would be 
folded down between then blades without being cut 

And it may now be urged as of equal importance, that the 
hi ides of the sheais for metal should be also exictly m contact 
not tint iigid plates or bars of metal could be bent or folded down 
between their blides, even if these were a little distant but the 
lesistance to the opei ition of cutting would be then enormously 
increased because the force exerted to compress the shears would 
not be then exerted m the line of then greatest resistance 
which IS strictly the case when the edges tnily meetin oneplxne 

Messrs Sngden -111(1 Son ot Leeds rnal ers of miclnntiy fui tli(^ manufictuie 
of cloth kindly furnished the aiithoi with the mfoimation tiom which the above 
lunaiks woiL gathcied 
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If the blades were distant ns in fig 924, fiom the want of 
direct support, the bar or plate would be tilted up, and become 
jammed this would tend fuithei to sepniate the blades, and the 
shears would be strained oi perhaps bioLen without dividing 
the bar wheieas all these evils are avoided if the sheais close 
accmntely m one and the same plane as if the lowei blade were 
shifted to the dotted line and in which case they require the 
least expenditure of powei and act with the best effect 

Having now in accoid nice with the geneial method of this 
woik, noticed the pimciples on vhich the sheirs foi metil act, 
the author will pioceed to desciibe some of the oidinary foims 
of the instiument 

Hand slieai s, which aie the smallest of these tools are made of 
the form lepresented in fig 920, and \aiy fi oni about four to nine 
inches in total length, they aie much used by tinmen copper 




smiths, silversmiths and otheiswho woikin sheet met \1&, and aie 
often called smjps, to distinguish them fiom bench sheais some 
times however they are fixed by the one limb in the table oi tail 
vice and then become essentially bench sheais and this enables 
them to be used with somewhat incieascd povei 

Bench sheais of the oidinaiy form arc lepresented in fig 921, 
the square tang t, is nisei ted in a hole in the bench or in a laige 
block of wood, or else in the chaps of the bench vice itself a 
less usual modification is seen in fig 922, vith the joint at the 
far end and the cutting pait between the joint and the h indie 
Bench sheais vaiy in total length fiom about one foot and a 
half to foul feet, and the blades occupy ibout one liith ol the 
length sometimes to inciease the powci of these she us, the 
Inndle is foiged thickei at the end to idd weight, so that when 
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the instillment is closed with a jeik it may by its momentum 
cut thicket metal than could be acted upon by a simple tliiust 
but when consideiable power is lequired it is better to lesoit 
to the sheais next desciibed 

Pm chase sJieai s which, aie lepiesented in fig 925 are in eveiy 
lespect moie poweiful than those pievioubh noticed the fi immg 
is much moie massive and the cutteis aie lectangulai bars of 
steel inseited m giooves to admit of then being leadily shaip 


Pig 925 h 



ened or renewed Instead of the limd being applied on the 
first lever or a h, a second level c cl e, is added and united to 
the fiist by the link h, d and but for the limit of the papei 
the hand level c d vould hc-ve been lepiesented of twice its 
pieseiit length 

As the length of the pait a h is tniee to foui times the 
length of G cl the hand has to move thiough thiee to foui times 
the space it would if applied diiectly to the sheai level, and 
oonsequently the pm chase sheais have thiee to foui times the 
foice of common sheais, supposing the manual levei to be of 
equal length in each kind Theie is usually at the back of the 
moving blade, a veiy poweiful spiing oi hack stay, to keep the 
two edges m contact and still fuithei behind a sto;p to detciminc 
the lengths or widths of the pieces sheai ed off 

Before using sheais, in those cases wheie the stop is not 
€mplo}ed to deteimine the width, it is usual to miik on the 
woiK the lineb upon which it is intended to be she tied, the 
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sheais Tie tlien opened to the full ind the extiemity of the line 
IS phced 111 the angle foiined by the jaws , if the Avoik is shoit 
it IS also obseived whether the opposite end of the line lies 
exactly on the edge of the lowei blade, but if the woil is long 
the guidance is less easy When the blides aie closed the woik 
will piobably slip endlong notwithstanding the lesistance of the 
hand until the angle at which the blades meet is so fai leduced 
that they begin to giasp the woiL when the extieme edge will 
be fi-ist cut thiough and then the incision will be extended to 
the full length of the blades 

As howevei each successive portion is severed, the two paits 
are bent asunder to the angle foimed by the blades, and both 
pieces become somewhat cuived oi curled up , inovided the cut 
is thiough the middle of the sheet so that both aie equally 
stiong, the two paits become curved m the same degree but 
when anaiiow md consequently weakei piece is lemoved fiom 
the edge of a wide sheet, the cuiling up occurs almost exclu 
sively in the naiiow stiip on account of its feebleness In long 
pieces it IS sometimes necessaiy to inciease the curvatiiie m 
order that as the woik is sheaied off the one pait maj pass 
above and the other below the iivet or screw by which the 
halves of the she us aie united 

When fiom use or accident the joint becomes loose, so as not 
to letam the two paits in contact in oidei to make the sheais 
cut, the moving half must be picssed agiinst that which is fixed 
to the pedestal oi tail Mce Sometimes the sway of the blades 
of jointed sheais is pieventcd, by allowing the moving aim to 
pass through a loop oi guide which may letain it in position 

Such a guide is mostly used in the light shears with which 
pnnteis cut their space line leads oi those thin slips of metal 
insei ted between the lines of type, to sepaiate them and make 
the punting moie open The leads aie cast in strqis about a 
foot long, and aie cut into pieces of the exact width of a page 
by laying them in a tiough having at the end a pair of sheais, 
and beyond these a stop to deteimiiie the precise length, so that 
any number of the leads may he cut exactly to the length 
lequiied Befoie adveitmg to the poweiful sheais used by 
enguieeis, two modifications of those alieady desciibed will be 
noticed 

Eig 923 page 915, lepresents the section thiough the blades 
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of T pair of slieais invented by Mr Collett, by wbicli the tags oi 
tin feniiles at the end of silk 1 ices aie cut and bent atone piocess 
the geneial aspect of the tool being that of fig 9S1 pige 915 
The sheaiing blades are shaded obliquely in fig 923, and to 
the lowei, winch is fluted on the edge, is attached a stop that 
detei mines the width of the piece lemoved fioin the stiip s, 
to niiLe the tig Ihe uppei sheai blade which is gioimd raoie 
acutely than usuil cariies a iidge piece, (shaded verlicilly ) 
which compi esses the stiip as it is cut off, into the fluted edge 
of the lovei blade and theieby thiows it into i channelled 
form and by the emxilo} ment of a pair of hollow plieis, oi 
else a light hammer and a hollow ciease, the bending is leadily 
completed and the tag attached to the coid * 

A neaily similar machine, but constiucted more in accoi dance 
with the punters space line shears, is used for cutting slips of 
thin latten brass into the channelled pens used in stationers 
machines for luhng the blue and red lines on paper for account 
books &c The one side of a slip of biass inch wide, is thus 
cut and channelled at intervals suited to eveiy line the sides of 
evei} channel are closed to form a narrow groove, and the inter 
veiling pieces are lemoved with hand sheai s Ihe compound 
pen IS fixed on a hinged board, and a ship of thick flannel laid 
at the top of the pen is satuiated with ink which flows steadily 
down all the channels whilst the paper is moved horizontally 
under the pens by two or thiee rollers and tapes somewhat as 
in the feeding apparatus of printing machrnes, and thus the 
whole page is ruled one way and very quid ly 

Slieaib of the above kinds with rectiliiie ir blades are not 
suited to cutting out curvilinear objects such for example as the 
sides of cillipeis a fig 950, page 933 The outline of such 
callipers is fiist of all muked on the sheet of steel from a 
templet, uid with a bi iss wire which leaves a sufficient trace , 
the outline is followed with a hammei and chisel upon an anvil, 
the chisel hiving a loundcd oi convex edge Detiched cuts 
luniiiiig into one inotlici aie made around the curve, and the 
woik IS fnully sepu itcd by imiching it in the tail vice succes 
sivcly at all pnits of the curve and wiigglmg the other edge of 
the sheet with the hand until it bieiLs 

Ihe vice IS often dso used foi cnttiiig off sti right ])ieces which 
^ Su I j ms lotious of the bocict} of Aits I oiiclon 18^6 vol xli\ 70 
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aie then fixed Avitli the line of division exactl} flush with the 
chaps, and an oichnaiy straight chisel is so applied, that the 
chamler of the tool tests on the chaps of the vice, and the edge 
lies at a small angle to the woik ind after every successive blow 
the chisel is ino\ed a little to the left without losing its geneial 
position 

SECT IV — ENGINErrS SHEAPING TOOLS, GENERALLY WOPLED 
BY STEAM POWER 

The eailiest machines of this class weie scarcely nioie than a 
magnified copy of the bench sheais shown on page 915 but made 
very much stionger, thus fig 926, repiesents a shearing and 
SQ[ueezing tool used in some non woilcs and smithies It has 
one massive piece that is fixed to the ground, and jointed to it is 
the lever which cariies at ot a pair of sheaiing cutteis situated 
exactly on two ridii struck from the center of motion this 




machine has also two squeezeis h, foi moulding pieces of non 
when led hot to the particular forms of the dies The longer 
end of the level is united by a connecting rod to an excentiic 
stud in the disk d, which is made to revolve bj the steam engine 
The late Mr Penn of Greenwich moved his shears by means 
of an axis cairymg two rollers pi iced at the extremities of a 
diametiical arm, as m fig 927 The one roller acts on the radial 
part of the shear lever in the act of cutting and the curved pait 
then allows the lever to descend by its own weight ripidl} 
jet without a jeiL, by the time the othei roller comes into 
action for the succeeding stroke of the machine, which by this 
double excentiic makes two leciprocations for e\eiy levolutioii 
of the shaft 

It IS however more usual to employ cams, as in fig 928, and 
in this case the part of the cam which lifts the sheri lever is 
usuall) spiral, so as to raise it with equal velocity , the cmve of 
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ilie 'b'lck IS imiBn,teiial pioMded it forms a continuous line so as 
to pievent tlie level descending with ajeiL 

Pig 929 lepieseiits tlie double sheais contmed by tlie Hte 
Sii John Bnitonfoi the Ho^nl Mint the one tint, shown also 
detached piescnts two lioiizoutil but discontinuous edi^es with 
the )xis in the center, this piece is JGL's;ed to a fiim suppoit the 
other 01 the moving pait somewhat lesembles the lettei T oi a 
pendnlnin, to the lower end of which and beneath the flooi 
lb joined a connecting lod, that unites the pendulum with an 
excentiic or ciank diiven by the engine The machine is 
double or cuts on eithei side and has two pans of rectangnlai 
cutters of hardened steel, which may be shifted to bring the 
fom edges of all of them successively into action 

Eoilei mikeishave gieat use foi poweiful sheais foi cutting 
plite iionfiom ^ to ^ and sometimes -f inch thick, and the next 
stige of their woikio to punch the iivet holes by v Inch the plates 
are attached The two piocesses of sliening and j)nnchmg are 
so far analogous in then lequiieinents that it is usual to unite 



the two piocesses in one machine and as it sometimes happens 
the boiler inakei s } aid is at a distance fioin the geneial factory, 
it then becomes necessaiy to work the shears by hand with a 
winch handle and which is effected in the manner shown in 
hg 930 by the intioduction of only one wheel and pinion The 
wheel IS fixed on the cam shaft the pinion on the same axis 
■^hat caiiies the heavy fly wheel employed to gne the lequiied 
momentum this mode of working the sheaiing and punching 
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engine is i')eifeetly successful but of comse less economicnl tlian 
steun 01 watii powei, the agency of winch the machine is also 
ailiptecl to iGceive 

When shells that move on a joint and hivt radial cutters as 
in nH) aie employed foi thick bus, owing to the distance 
to which then ] \ws aie opened they meet at a consideiable 
uigk nul tlieiefoic fioni then obliquity they do not giasp the 
tluck 1) u but allow it to slide gi idiially fiom between them 
to pu\ent which a iigid stop is added at the nait c fig 926 
wh( n IS the bai cm no longei slide away it becomes severed 
J ho shells with 1 idial cutteis are also liable from their veiy 
oblique action to cui\e the plates, neitliei do they seive foi 
making long cuts, as the joint then pievents the free passage of 
loiujf woil 

All those inconveniences however aie obviated in the shearing 
mnelimcs with slides, m winch the edges appioach in a right line 
lusteul of lull illy and are also nearly obviated in the veiy 
missive and poweiiul sheiiing and punching tool with jointed 
level designed by Mr Robeits of Manchester, and lepiesented 
m hg 910 which occupies an entiie length of eleven feet, and 
selves foi cutting plites not exceeding f inch thiel cutting 12 
Indies m kii<^th at a tune, and imnching holes of inch 
diinutci 111 1 inch non Ihe shearing cutters aie m this 
m u bine 1 ) inebcs long ind laised above the centei of motion as 
lluy he on a choid instead of a i iclius, the longest pieces may 
the u foie be cut without mteifeience fiom the joint, and the 
e utiei s have the fuither advantage of meeting at a much smaller 
angle tlian if fitted ladially 

llu poit iblc punching and sheaimg machine shown m front 
nul side elevation m figs 931, and 932, was also designed by 
Ml Kiehud Kobcits, it will sei\e foi a geneial example of such 
mac lime s as the diffeieiiccs in the several consti actions aie only 
those of loim and aiiangement and not of pnnciple 

U lus III lehine stands upon a base of a tnangulai form and has 
in fiout a stiong chamfer slide, which is lecipiocated in a vei 
tieal hue, by an excentiic that ib concealed fiom \iew it being 
inmicdi itely behind the slide, and upon the same axis as the 
( \( ciitue IS the toothed wheel The pinion that tal es into this 
wlud IS on the diah tint curies the fly wheel, and one of the 
umb of the lattci, icceues the handle by which the machine is 
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iisually soiled, or if it is driven by power, fo&t and loose 
pulleys aie then ft.'ced on the same axis as the fly wheel 

The uppei p iit of the slide caiiies a healing cuttei which is 
about 7 niches wide, and meets a similar cutter that is fixed to 
the uppei and oveihangiiig pait of the casting The cutters 
iltbongh giound with neaily rectangiilai edges, aie bevilled to 



the extent of about thiee fouiths of an inch in the direction of 
their length, that they may commence then woik on the one 
edge, and therefoie more gi adually than if the entiie width of the 
cutter penetiated at the sime instant this degree of obliquity 
does not cause the woil to slide fiom the sheais neither docs it 
materially cuil up the woik and as the bl ides aie quite clear of 
the flaming a cut may be extended throughout the longest works 
provided the cut is not moie thin five inches from the edge of 
the plate the distance of the cutters from the fiamiiig of tne 
machine 

The above machine which measures in total height about five 
feet, makes 12 oi 15 strokes per minute, shears | inch non 
pi ites and punches ^ lioles m iron ] inch thick A larger 
machine makes 10 or 12 strokes per minute, shears | inch plate 
and punches 1|- inch holes in non ^ inch thick and a still 
heavier machme working it 8 or 10 strokes in the minute, shears 
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1 iiicli phtes, and punclies 2 inch holes m non 1 inch thick 
Some of these aie piovided with lailwijs by which the woil is 
earned to the slicxis or punches as will be desciibed and 
Ml Hobdts bai cutting m iclune having only sheaimg cutteis 
\{ Ihc hoHom and the excentiic it the top of the slide is used 
loi cutting bus not exceeding G-J inches wide b} thick oi 
bus 2 01 2^ squiie, but he tliml s these dimensiois of the 
woiks pcifoimcd might if lequiied be gieatly exceeded m 
he iviGi machines 

Apitentlus been lecentlj gi inted to Mr G B Thoine^ 
cioft loi i she iiing machine foi cutting wide plates of sheet non 
ihis m icliine which is used lu the manufictuie of wrought non 
Inis two wide cutteis of steel fixed to the edges of thick plates of 
cist non the lowei cuttei is at lest and quite lioiizontal the 
uppci cuttei hii is fitted in grooves at the end of the fiame so 
is to he cniied up and down veiticalh by a shaft or spindle iin 
mcdi ittl} abo\c the cuttei and paiallel with it this shaft has an 
(\centiic it each end uid one in the center, and thiee connect 
ing links which attich the cutter fume to the excentiics, and 
give it a sin dl lecipiocating motion ihe uppei cuttei is a little 
()l)li<iuc so as to begin to act at the one end, and in lemoving the 
stijps cmls them but vei} little ^ 

Nism^th Giskcll and Co s vice foi cutting wide pieces of 
boilti pi do IS bised on the mode of cutting thin slips ot sheet 
nut il ovei the dups of the oidmaiy till vice as desciibed on 
pigc 91R 9 ihe jaws of the miclime iie ibout six feet long 
luid with sled, and powciMly closed by two perpendiculai 
s( u ws and nuts, one at e ich end, which ilso secure the machine 
to the giound 

Ihe plate of non is theiefoie fixed hoiizontally and witli the 
lino of division level with the jaws A stiong rod chisel stiuck 
with sledge himmeis is applied successively along the angle 
foimcd heiveen the woik and the vice, and aftei the non has 
be cn indented the whole length, the blows of the sledges dnected 
on the ovcxhingmg piece of non complete the sepaiation f 
h ig 9 1 3 lepiesents the plan, and hg 934, the paitial veitical 
section ol i ‘ hydiaulic machine for cutting off copper bolts, 

I lioi nc^ Cl oft s 1 ateiit sealed 31 st January 1843 is de cubed in tbe Reperfcoiy 
oil ituii luvoutions vol ii Lnlirgcd Senes page 129 

I Nasuij ill G isl cll and Co s cutting vice is figmed m plate 49 of Buebanan s 
Mill Woik, edited ])y &u 0 Bcnmc T R S 1841 
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devised by Mi A M Renton, and constructed foi the Govern 
ment Dock Yaids by Messrs Cbailes Robinson & Son This 
machine IS actuated by the h} di o mechanic il piiiiciple discovered 
by the a lebi ated piedccessoi of the fiun, Mr liiiiothy Bi am ah 
Hie ciiclein fig 933 lepiesents the cylindei of a hydiostatic 
pi ess which is flattened to the width of the rectangulai bai that 
is fixed alongside the cylindei, the two being enveloped in the 
external casting which is shaded m the section fig 93 1 and 
resembles a stunted pillar tliiee oi foui feet high The whole of 
the parts aie tiaveised by nine sets of holes suitable to bars fioin 
f to 2] inches diameter, the holes wheie they meet on the lines 
b b, SLie furnished with annulai steel cutteis and are enlaiged 
outwards each way to admit the woik more easily 

The lod ^ r, to be sheared is introduced whilst the holes aie 
diiectly opposite or continuous and the men then pump in the 
injection watei through the pipe w, it acts upon the annulus oi 
shouldei intei mediate between the two diameters of the cjlindei, 



causes the descent of the lattei with a pressure of about 100 tons 
and forces the bar asunder veiy quietly, and fiom the annular 
form of the cutteis without bruising it When the bai has been 
cut off, the injection watei is allowed to flow out from beneath 
the cylindei, and the lattei is raised by a loaded lever beneath 
the floor ready for the next stroke The machine is far nioie 
economical in its action, than the old mode of cutting off the 
copper bolts with a fiame saw used by hand and the storekeeper 
in charge of the bolts, can if needful peifonn the entire opei ation 
unassistedly, although usually foui men woik the pair of one inch 
injection pumps by a double ended level as in a fiie engine 
In concluding tins chapter it is pioposed to speak of the rotaiy 
sirens for metal which have continuous action like lolleis and 
aie pietty generally used In the best form of the instiument, 
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two spindles connected togetliei by tootbed wheels of equal size 
have each two thin disks ot difieient diaineteis which aie 
opposed to each other, that is a large and a small in the same 
pi me, as m the diagiam fig 935, the laigei disks oveilap each 
othei and tiavel in lateral contact, and therefoie act just like 
sheais, and the two disks in each plane meet, oi lathei neaily 
meet, so as just to giasp between them, after the m inner of flat 
ting lolleis, the two paits of the stiip of met il which have been 
seveied, and by cnrying these foiwaid thej continually lead the 
yet undivided part of the metal to the edges of the largei disks, 
vhich in this manner quickly separate the entire stiip of met d 
into two parts 

The machine requires that the spindle carrying the disks 
should have an adjustment for lateral distince as in flitting 
rollers, to adapt their degree of separation to the thickness of the 
metal to be sheared One of the spindles should also h ive an 
endlong adjustment to bung the disks into exact literal contact 
and tliemichine requires in addition a fence oi guide, fixed 
alongside the revolving sheais to determine the width of the 
strips cut off Sometimes the two smaller disks aie omitted 
and the lirgei alone used, as in fig 930, the circular sheirs are 
then somewhat less exact in then action, but peifoini ncveitlie 
less sufficiently well for most purposes 

Cnciilu 01 lotaiy sheais, aie very useful for shearing plates 
not exceeding one eighth of an inch thick, and one of the ad van 
tiges which the lotaiy possess over the common shears, is the 
ficility with which curved lines iniy be followed, on account ot 
the small portion of the disks that are in contact wheieas the 
length of 1 ectilinear shear blades prevent then ready application to 
curves Of course the speed it which the machines maybe diiven 
depends on the natur e of the work, and if the cuts are sti aight and 
the phtes light, the velocity of the shears maj be considerable 
As remaiked on page 188 of the first volume, the cnculii 

shears oi splitting rolls used in the works where wrought non is 

inanufictuied, are composed of steel disks of equil thickness, 
but of two diimcteis, arranged alternately upon two spindles is 
in fig 9 17, so as at one action to split thin plites of non of ibout 
() mclics in width into very narrow pieces known as nail rods 
iiid into strips from li ilf to one inch wide design itcd as bundle 
01 split non Ot course ditlci cut pins ot lolls uc iiquucd loi 
( vciy dilfiunt width of fhc strips thus inanul ictuicd 
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CHAPTER XXX 

PUNCHES 


SECT I — INTRODUCTION PUNCHES USED \\ITIIOUT GUIDES 

The title of the piesent chapter, may at the fiist glance, only 
appear to possess a veiy scanty i elation to the tools used in 
mechanical m inipulation, as the ostensible purpose of a punch 
may be consideied to be only that of making a lound oi squaie 
hole in any thin substance But it fieqiiently happens th^t the 
small piece oi disl so leinoved by the punch, is the paiticiilxi 
object sought, and some of the veiy niimeious objects thus made 
with punches assume a vei} great iinpoitance in the minufac 
tnrmg and commercial world as will peihaps he admitted when a 
few of these aie lefeiied to in the course of the present chaptei 

The geneial chaiacter of a punch is that of a steel instru 
ment the end of which is of pieci^^ely the foim of the substance 
to be lemoved by the punch, and which instiument is foicibly 
driven thiough the mateiial b} the blo^ of a hammer When the 
subject IS entei tamed in amodeiately extended sense it will be 
seen that much vaiiety exists in the foims of the punches them 
selves and also in the modes by which the powei wheieby they 
aie actuated is applied 

So fai as 1 elates to the actual edges of the punches by which 
the mateiials aie seveied the} maybe classed undci two piiiici 
pal divisions, namely duplex punches and single punches llic 
duplex punches ha^e lectingulai edges and aie used m pans 
often just the same as in sheais foi metil I he single punches 
have sometimes lectangulu but geneiall} more acute edges 
the one side being mostly peipendiciuu 

The single punches lequiie a film suppoit of wood lead tm 
coppei, 01 some yielding mateiiil into which the edge of the 
punch may penetiate without mjui} , when it has passed thiough 
the material to be punched Consequently many of the tools 
the author has ventuied to considei as single punches might be 
classed with chisels and man} of the duplex punches might be 
classed with shears analogies wliicl it is not woith while cithci 
to pill sue 01 lefiite 



puNCiirs roE caed paper, wafers, LOzrEars etc 927 

Ihe following classification has been attempted, as that best 
calculated to thiowinto something like older, the miscellaneous 
instiuments tint will be moie oi less fully desciibed m this 
chapter nameh, 

Section I Punches used without guides 
, II Punches used with simple guides 
„ III Punches used in fly pi esses and miscellaneous 
examples of their pioducts 
, IV Punching machmeiy used by engineers. 

It is pioposed in all the sections to commence with those 
punches hiving the thinnest edges, aid which aie used foi the 
softest mateiialo 

It would be haic^l} admitted tint a carpenter s chisel diiveii 
by a millet thiough a jiiece of caid could be consideied as a 
punch, still the ciiculir punch used uith a mallet on a block of 
lead foL cutting out ciicular disks of caid foi gun wadding is 
mdisputibly a punch and yet scucely moie than a chisel bent 
lound into a hoop The gun punch is foimed as in fig 9 38 ovei 
leaf and IS turned conical without and c}lindiical within oi i ithei 
a little luger at the top tint the waddings ma} fieely ascend, 
and mike then way out it the top thiough the apeituie, when 
howe\ei annulai punches exceed ibout 2 niches in diaraetei it 
IS found a stiongei and bettci method, to make them as steel 
lings attached to iron stems oi centcis spieid out at the ends 
to fill the lings, as in fig 9 J9 but holes aie then i canned to 
push out the disks tint stick into the punch, as shown by the 
section beneath the figuie 019 

ihe punch used m cutting out wafers foi letters is ncaily 
similii, it being foimed as a thin cylindiic il tube of steel fitted 
to the end of a peifoiated brass cone hiving at the top two 
blanches foi the cioss handle, by which it is piesscd thiough 
scveial of the faun iceous sheets and as the wafeis accumulate m 
the punch they escape at the top Confcctioneis use siinilai cut 
tcis in making lo/enges and fiequently the tliin steel cuttci is 
fixed to i stiaight perforated handle of wood The lozenges are 
cut out singly ind with a twist of the hind 

When the disk is the object leciuned the punch is ilwa^s 
cliainlcicd cxtciioil} m then the edge of the clisl is left squ uc 
and the cxtcuul oi wasted put is biuised oi bent but the 
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puiicL IS made cylindiical without and conical within when the 
annulus or external substance is requiied to have a keen edge 
And when pieces such as washeis oi those lix\ mg centi xl holes 
are required in card or leathei; the punches aie sometimes con 
structed in two paits as shown separated in fig 940 the inner 
being made to fit the outer punch, and their edges to fill on one 
plane so that one blow effects the two incisions and the punches 
may then be separated for the lemoval of the work should it 
stick fast between the two parts of the instrument 

Punches of irregular and aibitiary forms, used foi cutting out 
paper, the leaves foi artificial flowers, the figuied pieces of cloth 
for uniforms and similar things are made precisely after the man 
ner of fig 938, and also of fig 939, except that they aie foigcd 



in the solid or without the loose ring These iiiegular punches 
are howevei much moie tedious to m ike, than the circulai, which 
admit of being fashioned in the lathe 

Figured punches of much laigei dimensions ha've been of 
late used for cutting out the variously formed papers used in 
making envelopes foi letters The punch oi cuttei is sometimes 
made m one piece as a iing an inch to in inch and a half deep, 
oi else in several pieces sciewecl around a centi al plate of non 
and when the punch is sharp it is readily forced thiougli tliicc to 
five hundred thicknesses of papei by the slow descent of the 
screw press in which it is woiked Aimy clothiers use similai 
instruments for cutting out the leathei foi shoes and vaiious 
other parts of militaiy clothing and sever al of these punching oi 
cutting tools are often grouped together 

Proceeding to the punches used for met il, those having tin 
thinnest edges aie known as hollow punches they iic tamed 
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of vaiious diameteis fiom about -I to 2 inches, and of the section 
fig 911 they aie always used on a block of lead, and sometimes 
foi two 01 thiee thicknesses at a time of tinned non coppu oi 
zinc Punches 942, smaller than J inch, aie geneially solid, 
quite flat at the end, and aie also used on a block of lead which 
although it gives a momentary suppoit, yields and icceives into 
its suiface the little piece of metal punched out by the tool 

Fig 944, represents the punch used by smiths foi led hot 
iron the tool is solid and quite flat at the end, and whethei it is 
round, squaie, oi oblong in its section, as loi pioducing the 
holes represented, it is parallel for a shoit distance then gia 
dually enlarged, and afterwards hollowed for the hazel rod by 
which it IS suiiounded to constitute the handle (see foot note, 
page 202 vol i) Various practical remail s on the application 
of the smith s punches are given on pages 215 — 217 of \ol i it 
will be thence seen that the smiths punch is frequently used 
along with a bottom or bed tool known in this c ise as a holstef 
and which has a hole exactly of the same aiea as the section of 
the punch itself 

Punches when used in combination with bolstcis aie clcaily 
similii in then action to the sheais with lectanguhi edges, as 
will be seen on compaiing fig 043 and 914 the only dificiencc 


lugs 913 911 915 



being that the straight blade of the sheais, is to be considcicd 
as bent louiid into a solid cii clc foi aenciilu punch oi con\eit( d 
into a squ no, icctangle, or othci figuie as the case ra ly be, but 
cveiy put of the punch should meet its countciput oi the 
bolstci in lateral contact the s ime is loimcily expl uued in i cfci 
ciKC to shells 1 his supposes the hmls to be acciu ih 1) m ul( 
uideoiicctly held b} the smith, but which is soincwh it dilh(uli, 



930 


PUNCH USED BY HARP MAI TRS TOE MORTISPS 


because, the bolstei, the woik aud the punch, aie all thiee 
simply hmlt up loosel} upon the auMl and the 03^6 can rendei 
but little judgment of then lelitive positions the iiuiicli is con 
sequently apt to be misdiiected so as to catch against the bolstei 
and damage both tools The mode sometimes used to avoid this 
inconvenieiice is repiesented in fig 945 m which a guide is 
intiodiiced to diiect the punch but agieeably to the pioposed 
aiiangement this figuie will be more fully explained in the next 
section when some othei tools of alghtei description have been 
spoken of 

Pieviousl} hovevei to concluding this piesent section atten 
tion IS lequested to fig 946 which shows a punch used by liaip 
makeis and otheis in cutting long moitises in sheet metil The 
punch IS paiallelin thickness, and has in the centei a square 
point fi cm which proceed seveial steps, this punch is used with a 
bolstei h iving a naiiow slit, as long as the width of the punch 
A small hole is first drilled in the centei of the intended moitise, 
thefiistblo^ on the punch comeits this into a square the next 
cuts out two little pieces extending the hole into a shoit moitise 
and each successive blow cuts out a little piece fiom each end 
theieby extending the moitise if needful to the full width of the 
punch Fiona the gi actuated action the method entails but little 
iisk of hieakmg the punch 01 bulging the metal, e\en if it 
should have but little width Sometimes to make the punch act 
Pss eiieigetically at the commencement of itswoik the steps it 
the point 11 e 11 ide sin illei both in height and width the sen ated 
elge then becomes cutved instead of angulai as shown 

SECT II PUNCHES USED WITH SI IPEE OUIDES 

Eegimnng this section with the tools hi\ing the most iciitc 
edges, we have to lefei to the punch plieis, fig 947, fitted with 
lound hollow punchebfor making holes in lexthei sti ips and tlim 
mateiiils some plieis of this 1 ind have a small oval punch tei 
mmating in a chisel edge, foi cutting those holes that have to be 
passed ovei buttons , and plieis h ive been m ide with ciiculii, 
squaie and tiiangulai punches foi the ciiiel piactice of maiking 
sheep in the ear In all these tools the punch is made to close 
upon a small block of i\oiy 01 coppoi so as to cn uic the mxtc 
iiil being cut iluough without iiijuiing the punch 
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Anotliei example of slender chisel like punches is to he seen 
in Ml Eogei s machine foi cutting the teeth of hoin and toi 
toiseshell combs (see page 130 vol i) Ihe punch oi chisel is 
in two paits slightly inclined and cuived it the ends to agiecin 
fonn with the outline of one tooth of the comb the cutter is 
atticlied to the end of a jointed arm moved up and down bj a 
Clank, so as to peneti ite ilmost tliiough the mateiial, and the 
uncut poition is so \ eiy tlim that it splits thiough at each stroke 
and leaves the two combs cVtaclied 

The littl e mstiumcnt called a pen making machine is anothei 
ingenious eximple of punches mo\ing on a joint, it is lepie 
sented of half its tiue si/e, and leidy to icceive the pen, in fig 
918, ind in fig 949 the two cuttcis lie shown of full size and 
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laid bick m a light line although in leility it only opens to a 
light angle ihe lower half has a sm dl steel cuttei h pointed 
to the ingle of the mbs of the pen and fluted to the cui\e of 
the quill IS at a, the upper cutter cl is made as an nn cited angle 
with nearly vertical edges as seen at c, which exactly coirespond 
with the lower cutter, so as between them to cut the shoulders 
of the pen Ihc upper tool also cuius a thm blade or chisel, 
winch penetrites nearly through the quill and forms the slit 
ihe quill hiving been pared down to its centi il line, is 
inserted tbiougli the hollow joint, on the line f and the cutteis 
being vGiy near the joint the level on being closed gives ibund 
ant powei foi the peneti ition of the punches ilic pen loquncs 
lobe after wilds nibbed, and for which puipose anothei cuttci is 
itt idled to the instrument which his likewise an oi dinar 3 ^ pen 
blide, so as to be entiiely complete in itself 

ihis method of producing a pen wn*:* intioduced in a some 
what diffcicnt form, m the 1 itc Mi limolhy I>i imilis pitciit 
michniGiy loi nuking poitihlc quill pens, the ban el of the (pull 
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was in that case cut into two lengths and each length being split 
longitudinally into thiee parts, and shaped it each end in a sin ill 
fly pi ess with cutteis of the above chaiactei conveited eveiy 
quill into six double ended pens, many thousand boxes of which 
were made they may be considered to have opened the path to 
the present tiuly enoimous manufactuie of steel pens, which 
consumes m my to7is of steel annually 
Passing fiom the punches with guides obtained by means of 
joints and actuated by the piessuie of the fingeis, we will i etuin 
to fig 945 on page 929 which with its simple guide becomes a 
veiy effective tool sometimes known as the liammei jpress in con 
tiadistinction to the sc7eto oi fly press to be hereaftei spoken of 
Jhe guide in the contiivance fig 945 is a stiong piece of non 
attached to the bottom tool and suffciently above it to admit the 
woik between the two Each pait is pieiced with a hole ol 
exactly the same size, and accuiately formed as if they weie 
inteiiupted portions of the same hole The punch is made 
exactly to fit eithei hole, so that fiom the uppei it receives a 
coirect guidance, and it therefore cuts thiough the material and 
penetiates the lowei piece, with a degiee of precision andtiuth 
scaicely attainable when the tools aie unattached, and aie used 
simply upon the anvil as before described 

As however the punch mostly sticks tight in the work it is 
needful to turn the instrument over, and drive out the punch 
withadiift a little smaller than the punch and on which account 
punching tools of this kind are often made of two parallel plates 
of steel fiimly united by sciews oi steady pins yet separated 
enough for the reception of the work, and fiequently contiiv 
inces aie added to guide the works to one fixed position, m 
Older that any numhei of pieces may be punched exactly alike 
Thus in puncliiiig ciiculai mortises as in the half of a pan of 
inside and outside callipers a, fig 950, the punch c is first used 
to piocluce the cential hole, and this punch is then left in the 
bed h, to retain the work during the action of the second punch 
171 by which the mortise is cut The punch in is veiyshoit to 
avoid the chance of its being bioken, and it is also nauow so 
is to embiace only a short poition of the moitise, which is then 
completed with little iisk to the tool, at three oi ioui strokes 
whilst the punch c serves as a (enti il guide 

Occasionally also punches of tins simple kind, hut onalargci 
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scale have been placed imclei cliop liammeis, falling fi cm a con 
sidei able height thiough guide lods, somewhat as in a pile 
diiviiig machine Ihis mode of obtiuiing powei is not suited 
to the ictioii of punches used in cutting out metals amongst 
other leasons, bee luse the punch sticks veiy hud in the peifo 
1 itioii it lias made, and leqmics some coiitmance foi pulling it 
out winch IS not so easily obtained iii this appaiatus as in fly 
piesses, tint aie suited dil e to luge and small woiks 

llie chop liammci oi as it is moio commonly called afoice 
IS howevei, vei} much used it Biimmgham in the manutactuie 
of stamped woik, oi such as aie figured between dies, of which 
an example is described at length m piges 109 L 410 of vol i 
Comp ued with a fly pi ess of equil powoi the foice is less 
expensive in its fiist construction, hut it is also less acciuate in 
its peiloimince 

Iig 951 IS a \Giy simple jet effective tool which maybe 
viewed as a simplification of the fly pi css it consists of one 
vciy stiong piece of wi ought non, about one inch thick uid 
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foul or five inches wide, thickened at the ends and Lent into the 
foiin icpiGsented, the one extiemity is tapped to leceive a coaisc 
sciGWjthe end of which is formed as a cjlmdiical pm, oi punch 
til it IS sometimes made in the solid with the sciew, but inoie 
usuilly as a haulcncd steel plug inseited in a hole m the sciew 
Immediately opposite to the punch is anothei hole in the piess, 
the cxtuimty of which is fitted with a haidcned steel iing oi 
bed punch When the sciew is tinned lomid by a level about 
tlnco lect long it will make holes as laige as } inch diametci 
in pi itcs ^ inch thick, and is tliciv^foie occasion illy useful 
to boilci in ikeis foi lepaiis, and also foi fitting woiks in con 
fined siiualions about tlic holds of slnxis, and othci piiiposcs 
When thn scicw is turned baokwaids the punch is cli iwii out 
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^nd lelievecl from tlie woik but the sciewing motion is npt to 
Aveai out the end and side of the punch and theiefoie to altei 
its dimensions 

A very convenient instinment of exactl}/ the sinie 1 ind is 
used 111 punching the holes in leathei stiaps by which they no 
laced togetliei with leathei thongs oi united by sciews and nuts 
to constitute the endless binds oi belts used mdiivingmachinei} 
In this case the flame of the toolis made of gun metal, and weighs 
only a few ounces the end of the sciew is formed as a cutting 
punch audit IS peifoiated thionghoiit that the little c}lmdeis 
of leathei may woih out thiough the sciew, which only lequiics 
a Cl OSS handle to adapt it to the thumb ind hngeis 

In this case the sciewmg motion is desii ible, as the punch in 
re\ olving acts paitlv as a knife, and theiefoie cuts with gieat 
facilit} as the leithei is suppoited by the gun metal which con 
stitiites the clamp oi bod} of the tool 


SECT III PUNCHEo USFD IN ELY PPESSES AND MISCEI I ANEOUS 
EYUIPIES or THEir PRODUCTS 

The punches used m fl} piesses do not diffei mateiially 
fiom those aheady desciibed, but it appeals needful to com 
mence this section, with some explanation of the piiiicipalmodi 
fications of the pi ess itself The fi} pi ess is a most useful 
machine \\liich, indejiendently ot the punch or dies wheiewith 
it IS use 1 ma} be consideied as a means of giving a haid, 
imeiiing peipendiculai blow as if uith a poweiful well diiected 
himmei Ihe piecision of the blow is attained b} the slide 
wheieb} the punch it guided the foice of the blow by the heavy 
levolMiig il} attached to the sciew of the press When the 
niaehine is used the flj is put in lapid motion, and then sud 
deni} iiiesteci hv the dies oi cutteis coming in contact with the 
subst nice submitted to then action The entiie momentum of 
the fly diiected by the agency of the screw is theiefoie ins tin 
taneously expended on the woik to be punched or stamped and 
the leaction is fiequently such as to make the sciew lecoil to 
neaily its fiist position 

Thebaie einunei ition of the multitude of articles tint ue 
paitially oi wholly pi od need m flj presses, would extend to con 
sidei ible length, as this powerful and lapid auxiliary is not only 
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employed 111 punching holes and cutting out niimeious aiticles 
fiom sheets of metil and otliei mnteiiils but also m moulding 
stamping bending oi lai&ing thin metals into a vuiety of shapes 
and 111 ewise in impiessing otlieis with devices asm medals and 
coins 

Fig 952 lepiesents a fl} press of the oidinaiy construction, 
that IS used foi cutting out woiLs mu is thence called a cutting 
picss in coiiti adistniction to the stamping oi coming presses It 
will be seen the bod} of the pi ess winch is veiy stiong is lived 
upon a bed oi base that is at light angles to the sciew the 
latter is veiy coaise in its 
pitch and has a double oi 
tuple squaie thread the 
use of which is fiom about 
one to & X inches in e\eiy 
levolution Ihc nut of 
the sciew is mostly of gun 
metal and fixed in the 
uppei pait 01 head of the 
picss I he top of the 
sciew is squiie oi he\i 
gonal, and caiiics a Icvei 
of wi ought non teiminat 
mg in two solid cast non 
b ills that constitute the 
fly, uid fi oin the Icvci the 
additional piece ft, descends to the level of the dies to scivc as 
the handle, so tliat the left hand m \j be used in applj mg the 
mateiial to be punched whilst the ii^ht li ind of the opciatoi is 
employed m woikmg the picss 

Ihc sciowis gcneially attached to a squaie bai called the fol 
loner, which fits accuiately m a coiiespoiulmg apoituic and is 
stiictly in a line with the sciew and to the followei is att ached 
the punch shown detached at a Ihc punch is sometimes fitted 
into a neaily eyluidiical hole ind letniied by a tiansacise pin 
01 i side sciew, but moic gciieiall) the die is screwed into the 
followei, like the chucks of some tuiiung lathes the bed oi hot 
tom die c which is made stnctly pai allel icsts on the b ase ol the 
pi GSo, and IS letamed m position hy the loin scicws tint pass 
tluough the foul blocks called dogs these scicws, winch point 
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a little downwaids allow the die to be acciuately adjusted so 
that the punch may descend into it without catching at any 
pait, and theieby inflicting an injuiy to the tools 

Ihe piece h which lests neaily in contact with the die is 
called the ;pullei off ^ it is peifoiated, to illow fiee piss ige to the 
punch when the lattei rises, it caiiies up with it foi a shoit 
distance the peifoiated sheet of metal that has been punched 
thiough, but which is held back by the puller off whilst the 
punch continuing its ascent uses above the puller off and leaves 
behind the sheet of metal so released , the sheet is again pi iced in 
position whilst anothei piece is punched out and so on continually 

Befoie pioceeding to speiL of some of the woiks produced in 
stimpiing piesses it is pioposed to desciibe some of the points 
of diffeience met with in fly piesses 

The body of a cutting pi ess is m geneial mide with one aim, 
as lepiesented mfig 9 92, because the sheet of metal cm be moie 
fieely applied to the die, but stamping and coming piesses 
which aie used foi pieces that have been pieviously cut out 
lequiiegieatei stiength, and have two aims, oi aie made some 
what as a stiong lofty budge with the sciew in the center 
Iliefl} of the piessis fiequently made as a heav] wheel which 
may be moie massue and is less dangeious to bystanders than 
the level and bills and in luge presses theie aie two, thiee oi 
foul handles fixed to the iim as many men then run lound with 
the fly and Icl go when the blow is struck 

Fly piesses aie \ aiiously woiked by steam powei thus in the 
Eoyal Mint the twelve piesses foi cutting out the blanks oi disks 
foi com, aie uianged in a ciiole aiouiid a heavy fly wheel which 
1 evolves hoiizontally by moans of the steam engine Ihe wheel 
has one piojecting tooth oi cim which citches successively the 
twelve ladi il levels fixed lu the screws of the piesses, to cut the 
blanks and twelve spiings immediately letuin the seieial leveis 
to then fiist positions, leady foi the next pissage of the cam on 
the wheel 

ihe fly and sciew aie also woiked by powei m some cases 
b} an excentiic oi ci ink nioveinont fixed at a distance, a long 
connecting lod then unites the ciaiik to an aim of the wheel oi 
to i stiaight level, and gives it i lecipiociting movement 
At othei times, m pi ice of the ermk motion are ingeniously 
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substituted a piston and cylinder woiked uftei thenaannei of an 
oscillating steam engine,if weiinaginethe boiler to bo siipeiscded 
by a large cliambei, exhausted by the steam engine neaily to i 
-vacuum thus constituting an an engine, the one side of the piston 
being opened foi a peiiod to the exhausted chamber whilst the 
othei leceives the full pi essuie of the atmosphere This mode is 
adopted in several Mints lonstructed byMi Hague of London 
foi foreign countries, and the author believes it is ilso emplojed 
for the stamping oi coming presses of our national Mint ' 

111 the manufictuio of steel pens, (see page 942 0 ) it is 
impoitant to have an exact contiol o\ei the punches which cut 
the slits and those which maik the insciiptions as by descending 
too far they might disfigure the steel oi even cut it thiough 
Accordingly Mi Moidan introduced between the head of the 
piess and the lever, an adjustable ring which acts as a stop 
and only allows the punches to descend to one definite clistincc 
until in fict the ring is pinched between the picss and levci 
The screw of the fly press is sometimes superseded by a con 
tiivance known both as the togje joint and as the knee joint 
Ihe two parts ci,b andb,c,fig 053, are jointed to each other it/;, 



the extremity a is jointed to the upper part ol the pics=', and 
c, to the top of the follower When the puts a b, and h ( uc 
inclmed at i small angle, the oxticmitics a, ind c no biought 
closei together, and raise the follower but when the Iw'o hvei-. 
aie sti lightened, a and c sepuate with a niiiiutc demie ol 
motion, but almost iiiesistible power, esptciillj tow aids the 

’■ Si( Jiiijilc] Iflu Maididitwa pul Minulutiiii uli li C< iimi 
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completion of tbe stroke The bending and straightening of the 
toggle joint, IS efieoted by the revolution of a small crank, united 
to the point h fig 953, by a connecting rod h f 

Piesses with the toggle joint are perfectly suited to cutting 
out woiks with punches and bolsters piovicled the relative thick 
ness of the work and tools are such, as to bring to bear the 
strongest point of the mechanical action at the moment the 
greatest resistance occurs m the woi k but as the fly press with a 
screw IS m all cases powerful alike, irrespective of such proper 
tions, provided alone that there is sufficient movement to create 
the required momentum, the fly press is more geneially useful 

The cut 954 refers to a lever puess worked by an excentric, 
and used in cutting brads and nails, which will be again alluded 
to when this manufacture is briefly noticed 

It is now intended to describe a few examples of works exe 
cuted in fly presses giving the preference to those appertaining 
to mechanism 

The round disks of metal for com are alwaj^s cutout with the 
fly press and are then called blanks, the punch being a solid 
cylinder, the bed or bolster a hollow cylinder that exactly fits it 
In the gold cuiiency, more especiallj great care is taken to make 
these punches as neaily as it is possible mathematically alike in 
diameter, and the sheets of gold also mathematicall}« alike in 
thickness, by aid of the diawingrollers or rather drawing cylinders 
referred to in vol i page 428 , but notwithstanding every pie 
caution the pieces oi blanks when thus piepaied, do not alwajs 
weigh strictly alike This minute difference is most ingeniously 
remedied, by using the one error as a compensation for the 
other Trial is made at each end of eveiy stiip of gold and 
by cutting the thicker gold with the smaller punches, the adjust 
ment is effected with the needful degree of accuracy so that 
every piece is made crititically tiue m weight without the tedious 
necessity for weighing and scraping otherwise needful 

Buttons are m xde in enoimous quantities by means of the fly 
press That metal buttons should be thus cut out with tools and 
stamped with dies, will be immediately obvious to all, hut the fly 
press has been also more or less employed in making buttons 
of hoin shell, wood, ^papiei maclu and some otbei materials 
Amongst others may be noticed the silk buttons called, Floientine 
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buttonS) eacli of wliicli consists of seveial pieces that are cut out 
m piesses then enveloped by the silk coveiing and clasped 
together at the back, (iti the press ) by a peiforated iron disk 
the maigm of which is formed into 6 or 8 points that clutch and 
hold the silk, whilst the cloth by which the button is sewed on is 
at the same time protruded thiough the centei hole in the back 
plate of the silk button details that may be easily inspected by 
pulling one of them to pieces Indeed great ingenuity has been 
displayed, and many patents have been granted, foi making this 
necessary aitide of dress, a button 

Round washers that aie placed under bolts and nuts in 
machinery, aie punched out just like the blanks fox coin, 
although in punching the laiger washers that measuie 5 and 
6 inches m diametei and ^ inch thick, with the ordinary fly 
piesses the iron requires to be made red hot 

The round or square holes in thewasheis aie made at a second 
piocess with othei tools and to ensuie the centiality of the holes, 
some kind of stop is tempoiaiily affixed to the lower tool The 
more complete stop is a thm plate of non hollowed out at an 
angle of fiom 90 to 120 degrees and screwed on the top of the 
bed as tlnsma} be set forward to suit various di imeteis But the 
more usual plan is to dull two holes in the bed to drive in two 
wires and to bend then ends flat down towards the central hole 
as also shown in fig 955 overleaf the ends of the wires aie filed 
away until after a few tn ds it is found the blank when held 
in contact with the stops by the left hand is truly piei( ed , the 
whole quantity miy be then proceeded with as lapidly as the 
hands can be used, with confidence m the centiality of all the 
holes thus produced 

Chains with flat links that are used in machinery aie made m 
the fly press Ihe links are cut out of the foiin shown at a, fig 
956 the holes are afterwards punched just as in washers and one 
at a time every blank being so held that its ciicular extiemity 
touches the stops on the bed or die, and thereby the tv^o holes 
become equidistant in all the links which aie afterwards strung 
together by inserting wiie rivets thiough the holes 

Ihe pins or rivets for the links are cut off from the length of 
wiie in the fly press by a pan of cutters like wide chisels with 
square edges, assisted by a stop to keep the pms of one length 
01 by one sti right cuttei and an anguhi cutter hollowed to about 

3 p ^ 
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GO degiees oi by two cutters each, hollowed to 90 degiees In 
the three cases the wire is respectively cut fiom two thiee, oi 
four equidistant paits of its ciicumfeientje semiciiciiHi cutteis 
aie also used The stiaight cutteis fiist named, aie moieover 
vei} usefully employed m the fly pi ess for many of the smaller 
voil s that would otheiwise he done with sheais 

Sometimes the succession of the links for the chain is one and 
two links alternatel} as at 6 fig 95G at other times S and or 
4 and 3 links, as at c, and so forth up to about 9 and 8 links 

J’lg'? 955 ah c 



alter iiatel'^ which are sometimes used and the wires when nisei ted 
are slightly riveted at the ends 

llie pm is geneially the weakest part of the chain, and gives 
way first but in the chains with 8 and 9 links the pm must be cut 
through at 16 places simultaneous^ , befoie the chain will }ieid 
Chains aie sometimes intended to catch on pins or piojections 
around a wheel of the kind shown in fig 958 to fulfil the office 
of leather bauds without the possibility of the slipping which 
IS apt to occur vit^ bands when subjected to unusual stiams 
Such chains aie made after the mannei shown in fig 957 
to constitute the square openings tint fit over the pins of the 
wheel the centi il links aie made shoitei by which means the 
apeituies aie biought closei together than if the longer Imi s 
were used tin oughoiit Fig 959 shows a cliffeient 1 ind of cliiin, 
that has been used foi c itching m the teeth of an oidmaij spur 
wheel with epic^cloidal teeth the author believes this chain 
to have been invented bj the late Mi John Oldham, Engineer 
to the Bank of England 

Chains for witches time pieces, and small machinery, are 
too inmute to be made as above described theiefoie the slip 
of steel IS fiisi punched through with the rivet holes leqmicd 
for a numhei of links, bj me ms of a punch in which two steel 
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•vviies aie inseited the distance between the intended links is 
oht lined (somewhat as in file cutting,) by lesting the buns of 
the two pievious holes against the shiip edge of the bed oi 
bolstei The links are afterwards cut out by a punch and bolster 
of the kind alieady noticed, but veiy minute, and the punch has 
two pins inseited at the distance of the iivct holes, the slip of 
steel being eveiy time fitted by tvo of the holes to these inns, 
all the links aie thcieby (ut centi illy uound the iivet holes 
ihe tools aie cauied in a thick block having i peipenclicuhi 
sqiiaie hole fitted with a stout sq[iiaie bn, the littei is diiveii 
with a Inminer, which is suppoited on pivots i used by i spiiug 
and woikcd by a pedal but when the links measuic fiom i to ^ 
an inch m length, such tools aie woiked by a sciew 

Ihe punches lie fitted to the side of the squaie hai,in a pro 
jecting loop 01 moitise, and seemed by a wedge They aie 
dulled with holes foi the pins, and icioss each punch theie is a 
deep notch to expose the levcise ends of the pins, m oidei 
that when bioken they may be diiven out and leplaced The 
pins aie tiper pointed that they may laise buns, instead of 
cutting the mctil clem ont, and being tipci, no pullei off is 
lequned, and the bed tools aie fitted m clixmfci giooves in the 
base of this old }et veiy efficient instiument 

A Inge ch nn foi i pod ct < liionometci now befoie the authoi, 
mcasiucs neaily 11 inches m length, and contains m evciyinch 
of its length 22 iivcts and also links (in thicc lows) the 
total numbei of pieces in flic chain is theiefoic /7(), md its 
weight IS 9 ^ gi aiiis A ch xin foi a small pocket w itch me isui es 
C inches in length, and has 12 rivets and G 3 links m every inch lu 
all G30 pieces, and yet the entiic chain only weighs one gi am and 
three quarteis 

The sqxme links of chains foi jcwelleiy aio often cut out with 
punches, the extciioi and intciioi being each icct mgiihn iftei 
which each altcinite link is slit with a hue saw fui the inti odm 
tion of the two coutigiioiis links md then soldeicd iogetliei so 
tint the gips become filled up Othci chains ne diawn as 
sqiiiiG tubes and cut off in shoit lengths with a saw these hici 
hiving been sluing togcthci aic often di iwn tliiongh a diaw 
phic with lound holes to const ituti eh tins which ]>Hseui ui 
almost continuous e}lnidiical sudice like louucl wiie , iveiy 
ne it m miif u tin e mvr nted m h i nice 
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The teeth of saws are foi the most part cut in the fly 
press 1 eeth of the foiiHsfigs 643 to 647 page 684 whether 
laige^ 01 smilliequire but one punch the sides of which meet at 
60 degiees 1 wo studs irp used to diiect the edge of the blade 
foi the saw to the punch, at the required angle depending on the 
pitch 01 inclination of the teeth and an adjustable stop detei 
mines Jie space oi inter\al from tooth to tooth, by catching 
against the side of the last tooth previously made Gullet 
teeth figs G jO to 653 and the vaiious other kinds shown, 
lequiie punches of then several compounded figures, xnd of 
difTeient dimensions of each size of tooth 

The teeth of ciicular saws aie similaily punched out by 
mounting the peifoiated ciicular disk on a pm oi axis, but in 
cutting the 1 ist six oi eight teeth it is needful to be watchful so 
as to divide the remaining space into moderitely equal paits 

In cutting the teeth of circulai saws not exceeding 12 inches 
di imetei, Holtz apfiel and Co have been in the habit of mount 
mg the steel plates on a spindle in a lathe with a dividing plate, 
and iibing a punch and bed fitted to a squaie socket fixed 
hoiizontally in the ordinaiy lest oi support foz the tinning 
tool the punch being driven thiough the plate by one i evolution 
of i snail 01 cam, by means of a winch handle and thiown back 
by a spiing In this aiiangement the dividing plate ensuies the 
exact dimensions and equality of the teeth which are lapidly and 
accuiately cut 

ihe copper caps for percussion guns are punched out in the 
foim of a cioss with short equal arms or sometimes m a similar 
shape with only thiee aims, and the blcinks after having been 
annealed, are thiown into foim bj means of dies, which fold up 
the aims and unite them to constitute the tubular pait whilst the 
centi il put of the metil foims the top of the cap that leceives 
the composition and sustains the blow of the hammer 

Steel pens aie another most prolific example of the result of 
thefly picbs theypasb thiough the hands man} times, and requiie 
to he submitted to the action of numeious dies, to five of which 
alone we shall adveit The blanks aie cut by dies of the usual 
kind so IS m genci il to pioduce aflat piece of the exterior 
foim of fig ObO page 911, the square mortise at the bottom of 
the slit IS then punched through the next process is usually 
to btiike on the blanks the maker’s name 
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The slit IS now cut b} a thin chisel like cutter, which makes 
an angular gap nearly thioiigh the steel, fioin that side of the 
metal intended to foini the innei oi concave part of the pen and 
the act of cm ling up the pen into the channelled foim, bungs 
the ingular sides of the gioove into contact, lendeiing the slit 
almost invisible The slit which is as yet only pait way through 
the pen is in genei il completed in the process of hardening, 
(see vol 1 page 349 ) as the sudden tiansition into the cooling 
liquid geneially causes the little poition jet solid to ciack 
thiough, 01 else the slit lemaius unfinished until the moment 
the pen is piessed on the nail to open and examine its mbs 
Laiivieie s perfoiated plates foi stiainers lanterns, meat safes, 
colandeis and numeious other articles exhibit great delicacy and 
accuiacym the mode in which they are punched out, the tools 
are illustrated by the enlaiged sections, fig 961 overleaf The 
punch consists of a plate of steel called the punch plate, which 
IS in some cases pieiced with only one single line of equi 
distant holes, that aie counteisunk on their upper extiemities 
Every hole is filled with a small cylindiical punch made of steel 
wiie, the end of which is bumped up or upset to foim a head 
that fills the chamfei in the punch plate so that the punch 
c uinot be diawn out by the woik in the ascent of the piess 
ihe bed punch oi matiix has a numbei of equidistant holes 
coiiespondmg most exactly with the punches In this case the 
lioles m the woik aic punched out one line at a time, and 
between each descent of the punches, the sheet of mctnl is 
shifted latciallj by a screw slide, until it is in proper position 
to icceive the adjoining line of holes 

At other times the tool instead of having only one line of 
punches is wide and entnely covered with several lines, so as to 
punch some hiindieds or even thousands of holes at one time 
For cnculai plates the punches are sometimes aiianged m one 
ladiallme but more usually, the whole of the punches required 
foi the fourth, sixth, or eighth pait of the ciiculai disk aie placed 
in the form of a sector and the central hole having been fust 
punched, is made to serve as the guide for the foui, six, or eight 
positions, at which these beiutifiil tools are applied 

M uiy of the thin plitcs thus punched requiie to be strained 
like the held of a dium to keep the metal flat, in which case the 
mctil IS giasped between little clamps or vices aiouiid its foui 



LABIVILIES AlsD JErPERlS^ lATENT? 

edges and then sti etched by appropiiate screws and slides with 
which the appai itiis is fuimshed and the same mcclixiiibin pic 
vents the meial fiom using and theiefoie fulfils the office of 
the pullei off commonly used with punches 

Ihe constiuction of the tools above described, calls for the 
gieitest degree of precision the dull emplojed to pierce the 
punch and mitiix is of the 1 ind fig 474 page 547 and of 
e\ceedingly small size in the finest peitoiated works, as it is 
Figs 960 961 962 



said so many as six or seven hundred holes have been inserted 
in the length of six inches which, considering the intervening 
spaces to be hxlf as wide as tbe diimetei of the holes would 
make the latter of the minute size of only six thousindths of an 
inch cliaraetei Such finely perforated metal appears to offer 
iiearl} the transparency of muslin and is a manifest proof of 
the great skill displayed in the construction of the instruments 
and in conducting the entire process 

Ml Julius Jeffeiys Patent Respirator or bieath warming 
apparatus for persons having delicate lungs presents another 
leij neat example of punched works Mostpeisons will have 
hid an ojiiioi trinity of seeing that the appai itus consists of 
about a dozen veiy thin jxlates of metal punched out with seveial 
lows of Inge lectangulai holes leaving the metal like a delicate 
lattice I hese Irttices aie seveially wound lound with fine wire 
and then issemhled together between perforated covers 'lire 
exhalxtion of the bieath amidst the interstices of the wires 
waims the instiument and the mstiument in leturn, warms 
the ui th it IS mil iled by the wearer 

lo return to the operation of punching the lattices, it is to 

M Marc L'liimics patent wis gi anted 28tli Nov 1825 axid is descubed m 
the Eepeitory of Tateut Inventions vol iii 3id Senes, page 182 Some other 
pnfcicuhis ne to be found in Gills lechnical Bepo&itoiy, vol ix 1826, page 75 
tiausUted f|*oin the Bibl Umv , fox Doc 1824 
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be obseivecl these measure from centei to center half an inch in 
length ind one fifth of an inch in bieadth, tne bed punch which 
IS repiesented m fig 902 is a piece of steel about | inch thick, 
having a cential aperture, inches long, and 18 hundiedths oi 
an inch wide as the longbais of the lattices are two hundredths 
wide Six tians\ei&e notches, one eighth of an inch deep and 
half an inch isundei aie then made acioss the bed with i cii 
ciilii saw tlnee hundiedths of an inch thick the giooves aie 
fitted vith slips of haidened steel, after which the whole is 
ground to a level surface The punch is a plate of steel 8^ 
inches wide and 18 thick, across which six notches about | inch 
deep aie also made with the ciiculir saw at intervils of I inch 
I he press has a puller off or stop much as usual, and at the 
biek it his a long screw of five threads in the inch the nut of 
which has two squaic pins exactly like the two exterioi portions 
of the punch ihe copper, which measures about one hun 
diedth of 111 inch thick is cut in long wide strips and one row 
of holes having been punched the piece is hooked on the two 
pins of the nut, and when the scicw has moved once round 
undei the govern xnce of a simng catch a second row of holes 
IS punched exactly one fifth of an inch fiom the former and so 
on When five rows Ime been punched the screw is moved 
two turns to leave a wide iib, and anotlici seiics of five rows 
IS punched and so on alternately and aftcrwaids the 1 ittices 
aie separated till ough the wide ribs with a pan ot shcais Some 
of the lattices of small lespiiatois have only six rows in the 
long and lour in the nanow diicction, and others fi\c rows by 
three, thus making three distinct sizes with the same tools, and 
all piesent a most beautiful legulaiity and slendeinoss 
All the foregoing examples of punched woiks, suppose the 
punch to have been fesLed to the follower of the press, and the 
matiix to the base of the same, in which case the bed punch 
requires to be veiy exactly adjusted by the set screws oi dogs of 
the press But it lemims in concluding this section, to advert 
to a different airangement in which the cutting tools aie quite 
detached, and are far less liable to accident or fiactuie, even 


^ Tattiit glinted to Mi Jiilnig IclToiys for luM impiovcmoiily in cunii^, oi 
ifliGvmg dnoidcis m ilio lim^B Scalul, 23 id Jiuiwry 18 6 1 ublisUtd m 
1 cpuloiy oi 1 itcnt Inventions vol vi 4 Ui Sciioh pigo 211 Tho pitont 
xospn itoi ly voiy iully dobcubed, l)ut not bo tlio iniclimuy 
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■whentlie punches aie of veiy large aiea and complicated figure, 
than when consti acted m the oidmaiy imnnei with a shank 
by which they aie united to the follower of the pi ess In this 
piesent case the piess has merel} two flit surfaces six or eight 
inches in diametei oi square and of similar size, theieby more 
nearly resembling a liammei and an\il of a veiy powerful and 
exact kind, to which the fly piess was fiist compaied 

Punches to be used in this mannei, foi woiks with vaiious 
detached apeituies requiring any especial aiiangement, and for 
vaiious stiagglmg and complicated objects, are consti acted as 
shown in figs 963 to 965 Theie aie two steel plates some 
what laiger than the woik and fioin to | thick the plates 
are hinged togethei like the leaves of a book, but are placed 
sufficiently distant, to admit between them the work to be 
stamped out and which is pinched between them by a thumb 
sciew a The two plates whilst folded togethei, are perforated 
with all the apertures required m the woik, which peitorations 
may be eithei detached, continuous, or ananged in any orna 
mental design that may be lequired lo all the apertures aie 
fitted punches which in length or vertical height, aie about one 
eighth of an inch longer than the thickness of the uppei plate, 
so as to stand up one eighth when resting on the material to be 
punched, as seen in the partial section 965 in which the work 
IS shaded obliquely and the punch veiticall} 

As it would he difficult to fit the punches in one single piece 
to the ornamental oi straggling paits of some devices and as 
moieovei such laige and complicated punches, would be almost 
suie to become distorted in the haidemng oi broken when in 
use the difficulty is boldly met, by making the punch of as 
many small pieces as ciicumstances may rendei desiiable but 
which pieces must collectively fill up ill the inteistices ot the 
plate 

In using these punching tools, it is only necessaiy fiist to fix 
between the plates the metal to be pieiced then to mseit all the 
punches into their respective apertuies, and lastly to give the 
whole one blow between the flat disks of a poweiful fly piess, 
this drives all the punches through the work, and leaves them 
flush with the upper suiface The whole is then removed fiom 
the piess, and placed ovei an apeiture in the woik bench, and 
with a small diift and hammer the punches are diiven out of the 



TmiR APPLICllION TO BUHL WORK CUT BE IDS 947 


plites into a diawei beneatli and on the plates being sepaiated, 
the woik tmII be found to be exactly perfoiated to the same 
design as that of the tool itself or with any part of the design 
instead of the whole if pait onl} of the punches were inserted m 
then respectne places Xhe punches aie selected from amidst 
the coil espon ding pieces of biass which latter are laid on one 
side, and the loutine is lecommenced 

It IS by this ingenious application of punches that buhl works 
aie st imped is lefeiied to m the foot note page 737 of this 
volume If i hone} suckle should be the device, the piece of 
biass IS fiist placed between the plite and punched out and 
piovided the punches aie of the same length, the honeysuckle 



IS lemovcd in one piece although the punch ma} be in seveml 
the wood IS iftciwuds inseitcd iiid is xuinched to exactly the 
same foim so that the biass hone} suckle will be found to fitiii 
the most ]ieifcct inannei as it is an exact counteipart of the 
removed wood 

I he piocess is very economical and exact but is only suited 
to large designs, because of the injuiyit would otherwise inflict 
on the wood and on account of the expense of the tools, the 
mode IS only proper foi those patterns of which very large num 
hers are wanted ^ whereas the buhl saw is not liable to these 
limitations but is of univeisal, although less rapid application 

Cut h ads and na%lb oi those which instead of being foiged, are 
cut out of sheet non by inachmci} constitute the last example it 
IS proposed to advance in this section 

Brads of the most simple kind as in fig 9CC have no he ids 
but aie simply wedge foim, and aic cut out oi stiips of sheet 
non equal m width to the length of the biacls, these stiips aie 
sht with cneulai shcais, ti ansvei sely fiom the ends of the sheets 
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of iron so that tlie fihie of the non may run lengthways tin ongh 
the nails 

When such hi ads aie cut m the fly pi ess the bed has a 
lectangulai moitise shown by the strong black line in fig 966 the 
punch IS made lather long and lectnigular so as exactly to fill 
the bed, but the last portion of the punch say tor half an inch of 
its length IS nicked in, or filed back exactly to the size md angle 
of the biad as shown in the inverted x^lan in which the shaded 
portion shows the reduced part oi tail of the punch Ihe punch 
IS ne\er raised entiiely out of the bed in oidei that the stiip 
of metal may be put so fai o\ei the hole in the bed, as the tail 
of the punch will allow it, and also in contact with a stop oi pin 
fixed to the bed and in the descent of the punch its outei oi 
rectangular edge lemoves the brad 

The strip of metal is turned ovei between eveiy descent of the 
press so as to cut the head of the one biad from the point of th it 
previously made md the double guides afforded by the till md 
stop enable tins to be very quickly and truly done The upper 
surface of the bed is not quite horizontal but a little inclined, so 
that tne cutting may commence at the point of the biad, and 
thereby curl it less than if the tools met in absolute parallelism 

In cutting biads that have heads the general arruigeinentsaie 
somewhat different as expl lined m the diagram fig 967, in which 
as before, the rectangular aperture in the bottom tool is bounded 
by the strong black line, the tail of the punch is shaded, the stop 
a, IS situated as far be} ond the apeituie in the bed as the vertical 
height of the head, and it is so made that the small part which 
extends to the right overhangs the slip of non that is being cut 
after the mannei of a puller off but the overhanging jDaitonly 
comes into action when the slip is tilted up either b^ accident or 
from being so short as to give an insufficient purchase for the 
hand It is also to be observed that the width of the point of 
the biad is just equal to the projection of its head 

On the end of the stiip of non being first applied a wedge 
form piece is cut off exactly equal to the difference between the 
tail of the punch and the bed, and a little projection is left near s 
and which projection, after the iron is turned over, rests against 
the tail of the punch, as shown in the figure so that the succeed 
ing cut lemoves the one brad ind forms the head of the follow 
ing the tail of the punch being inclined to the precise angle 
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drawn fiom the point to the head of the brad, as denoted m 
tlie diagram 

When as it is more usual, brads are cut out by steam power, 
the cutteis are not woiked in a fly press, but the moving cutter 
IS commonly fixed at the end of a long aim which is moved rapidly 
up and down by a crank , the strip of metal is held in a spring 
clamp, terminating in an iron rod, which lests in a Y or folk, 
so that the boy who attends the machine can turn the metal over 
veiy lapidly between every alternation of the machine , these 
paiticulirs aie shown in fig 954, page 937 

The machine fig 951, may be used for biads either with or 
without heads, it is however xlways iiecessaiy to turn the iron 
over between every cut , but in the toggle pi ess fig 953 on the 
same page and which acts much more quickly, it is not requisite 
to reverse the metal as the entire press is moved on its pivots 
c c by the lod g, so as to incline the xi^^ss alter iiitely to the 
light and lelt, to the angle of such nails as aie simply wedge 
foim 01 ha^e no heads, as m fig 9C0 prge 947 

In some machines lesemblmg fig 954, the nail as soon as cut 
off IS grasped in a pan of forceps or dies, whilst a h mimci , also 
moved b} the machine strikes a blow that upsets the metal and 
constitutes the fl it he id in the kinds known as cut nails, and tacks 

' Jlie fust iiatuii foi mil mg mih tint the uithor lus mot with was gi mitt d 
to John ClUToitl 1/th July 17 )0 (set 1 epoitoiy of 1 itcnt Inventions 1st Scik 
vol Ml p 217) llu mode piefciud ])y tho pitontei wi-i to employ two lollois 
oi non faced with nted m which wcio sind impieS’iions of the mils hilf m eieh 
lollei a he mdent xtions weio an mged ciicumXeientiilly with the heads and tul 
111 eontact, bo as to ovtcnd tho gioovos iiound the lollei and loll the whole lod oi 
non into i stimg of nailB which rtq.uiiccl to he sepuitcd from each other with 
shears nippers or other usual moms bometimos miny gioovos wtio cut aioiind 
the 1 oilers ind a Bhcot of non was then convex ted into sevoixl strings of nails 
thit lequiiod to he sepaiatcd nciily as hofoK 

J he same mveiitoi took out a second patent about six months later foi a method 
of mal ing mils hy punching Ihe plates of metal were forged oi i oiled tipoi to 
the ingle of the mils ind weie then cut up by a punch and bed each made tapei 
mcl ilso to tho anje cf tho mil N nls thit roepiiiod heads wcie iftoiwuds put 
into a hciding tool oi bed having a iipci hole of coues])ondmg foim that lift 
a small piece of tho thick end piojcetmg and ihe head was upset with a jmneh oi 
die pist iftcr the imnnei now piactisod in mil mg solid lieulcd puis iliis second 
I xtont w 18 sealed on tho 4th of Dec 1790 and is descubed in ilio 77fch px^^t of 
ihe volume beloio leferied to 

Sub t piently to tins pc nod not less than thiity to ioity patents have been 
gnnied ioi maliiij^ hi ads md mils md some ihiu oi inn oi: ilumlia\( hi eu 
\eiy siKcessfully wnl d 
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SECT rv— PUNCHING MACHINERY USED BY ENGUSfEERS 

AftertliereiBaiksoflfered on pages 919 to 923 on shearing tools, 
little lemains to be said in this place on the punching machinery 
used by engineeis as it was theie stated that the cutteis for 
shearing and the punches weie most usually combined m the 
same machine the punch being placed eitliei at the outer extie- 
mity of the jointed lever or at the bottom of the slide in those 
machines having lectilineai action Xlie punch is fixed to the 
slide or moving piece, the die is secured to the framing by 
means of four holding and adjusting sciews just as m fly pi esses 
and the puller off oi stop is likewise added all which details aie 
lepiesented m the woodcuts on pages 920 and 922 

The principal application of the engineei s punching engine 
IS foi making the iivet holes around the edges of the plates of 
which steam boilers tanks and u on ships aie composed Another 
important use and in which the punches ti ench upon the office of 
the shears is m cutting out cumlmeai paits and apertures 
or panels iii boiler woik, to which stiaight hladed sheais cannot 
he applied In this case the round punch is used in making 
a series of holes running into oie anothei along the paiticular 
fine to he sheared thiough, or in other words the punch is used as 
a gouge by which the hole that has been first foimed, is extended 
by cutting away cresent foim pieces, thus leading the incision m 
any reqmied direction 

This employment of the punch to sheaiing cm ved lines is also 
much used in cutting out the side plates of the framings of loco 
motive engines, which consists of two pieces of stout boiler plate 
(the technical name foi iron in sheets fiom to | inch thicl ) 
iiveted alongside a central piece of wood that is sometimes 
also covered above and below with non ill the paits being united 
by rivets The punching engine selves admirably foi cutting out 
all the curved lines in these side plates, also the spaces wheie 
the healings for the wheels are situated and vaiious apeituies 
Messrs Maudslay Sons & Field introduced many ye irs back 
a verj gieat impiovement in the punching engine as applied to 
making boileis and tanks in which the rivet holes are usually 
leqmied to be made in stiaight lines and at exictly equal dis 
tances, so th it holes m two pieces punched separately may cx ictly 
c 01 respond 
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The phte was fixed down upon a long lectilinear slide or 
carriage and during every ascent of the punch, was advanced 
by the machine itself, the interval from hole to hole, the moment 
aftei the punch was disengaged fiom the woik Subsequently 
S 3 or 4 punches were fixed at equal distances m the vertical 
slide but the punches were made of unequal lengths so that 
they came successively into action theieby dividing the stiam 
and the horizontal slide was consequent!} shifted eveiy time a 
distance equal to 2, 3, or 4 intervals This machine, which dis 
played much ingenuit} of invention, served as the found ition of 
the more simple punching engines that are now met with * 

This volume will be concluded by the account of two sets of 
expeiiments in punching The first An account of some experi 
meiits to determine the force necessary to punch holes thiough 
plates of wrought iron and copper by Joseph Colthurst I* 

“ These experiments were performed with a cast non lever, 11 
feet long multiplying the strain ten times with a screw adjust 
ment at the head and a counterpoise — “ The sheets of iron 
and copper whrch were experimented upon were placed between 
two perforated steel plates, and the punch, the nipple of which 
was peifectly fiat on the face, being nisei ted into a hole in 
the upper plate was diiven through by the pressure of the 
lever ^ 

‘ The average results of the seieial experiments (which are 
given in a detailed tabular form) show that the power leqimed 
to foice a punch half an inch diameter thiough coppei and iron 
plates IS as follows 


* Messis M-xudslay contiived their machine m order to manufactiiie iix a short 
space of time a very considerable number of water tanks for the Royal Navy the 
machine is cirefully engraved in plates 61 and 62 of Buchan ms Treatise on Mill 
Woik edited by G Rennie Esq E R S 

Other punching engines some of them with shears are also engraved on pages 
48 60 and 52 oi the same valuable woik 
The plate 62 contains the section and elevation of a steam punching machine 
by Ml Cave of Ians it is in effect a combination of the punching mehine with 
the high piessuie steam engine Ihis machine may carry either punches oi 
shearing cutters at pleasuie but although appiiently moie costly than those 
actuated as usual b^ a simple crank movement it does not appear to be so con 
venient neitbei would it be politic to coustiuet ©veiy machine in a facioiy so as 
to include a steam engine fox its own especial use 

t 1 \tricted from the Minutes of Proceedin^jS of the Institution of Civil 
I ngmctiH foi 1811 pages GO 1 
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‘ Hence it is evident that the force necessary to puiicli holes 
of different diameters thiough metal of vaiious thicknesses, is 
diiectly as the diameter of the holes and the thickness of the 
metal A simple rule for determining the force lequned foi 
punching may be thus deduced Taking one inch diameter and 
one inch in thickness as the units of calculation, it is shown 
that 150 000 IS the constant number for wrought non plates and 
9G 000 foi coppei phtes Multiply the constant number by the 
diametei in inches and b} the thickness in inches the pioduct 
IS the pressuie in pounds, that will be lequiied to punch a hole 
of a given diameter through a plate of a given thickness 

‘It was obseived that the duration of pressuie lessened con 
sideiably the ultimate foice necessaiy to punch thiough metal 
and that the use of oil on the punch reduced the pressuie about 
8 per cent A drawing of the experimental lever and appaiatus 
accompanied the communication 

The second expeiiments weie by Mr Hick, of Bolton who by 
means of a hydiostatic piess having four cylinders in conibina 
tion, punched through various pieces of iron the thickest of 
them measured 3§- inches thick and fiom which was punched 
out a disk of 8 inches diametei, with a piessuie of 2000 tons 
The removed piece was lathei thinner than the lemamdei and 
a little tapei which arose fiom the ciiciimstance of the bolstei 
having been purposely made with a flat bottom and a little 
laigei in diimetei than the punch so that the disk when 
lemoved was a little spread or flattened out 

It is cuiious that expeiiments so distant from one anothei 
in their scale of proportion, should yet agree so nearly by 
Ml Colthurst s formula 

The computed force is 150 000 x 8 x S^=:4 200 000 lbs 
The actual force was 2000 x 20 x 112 = 1,480,000 lbs 
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JDwinq the pawd in which the Second Volume of this Worl hxis been passing 
Lhioiiyh tin 2 ? ess lanous new and additional mattcis having i elation hath to the 
fust and second lolimeshave come niulei ihcauthoi s notice tliemoi etmpxiianf 
if these additions a? e Ime given Py msu ting in The body of the fii si edition of 
the woi 1 1 efei enccs as follows —see Apjicndix note II —note I da at the pages 
"i espeef ivclij designated the notes loill come undo ohsei vation at then api lopiiate 
Xdaccs m the teat 

ITote H Page 22 — To follow the Foot Note 
{Payne s Patent f 01 pi esei vi ig tinihci by the double decomposition of sulphate of non 
and mill late of hme loithin the poi es of the wood ) 

In tliLs piouess which is now moie rosoitccl to thin otheis for this purpose 
scvei il pieces of timber are ariaiiQed side by side on a sledge bound togethei by 
hiops iiid clnins and thus mtioducod upon a railway into a long cylindiicil iron 
vessel the cover 01 end of which is then screwed on airtight Steam is now 
admitted fiist t ) diive out the an thiou^^h a valve opened foi the puipose and the n 
to foim a vicuum which paitially occurs when a little of the cold solution ot 
sidpihatc of ii ( ii IS pumped into the \ cssel by means of the steam engine to condense 
the steam the vacuum 1 then completed by an air pump the liquid flows in as the 
an IS c\h lusted and is ultimately subject to piessiiro by foice pumps also woil ed 
by the steam engine this fills all the poies of the wood with sulphate of non After 
i few minutt s the sulpli itc 1 illowcd to flow mt of the t ink by the i e admission of 
ail the V( ssc 1 is a^am he ited with sic ira iiid is similiily filled with min late of hme 
A double di c Jiupositioii iiisUiitly oc eui s within the p> ii es of the wood as the mui 1 itie 
acid g)(8 o\ci to the non foimmg muinte of iron and the siilphuue acid 
pioceeds to the lime foimmg solid sulphate of hme or gypsum the littei 
lemains pnneipilly m the pores whilst the rnuiiate of iron pervades the wood 
generilly Ihe entue piocess of prep inng the timber including the fllling and 
emptying of the tank lequnes fioiu one to three horns according to the si e of 
the cylinder Ihe wood becomes much heaviei indisposed to decay less combus 
tible daikci m colour and ilso pi oof aj^amst lot and the 1 wages of insects 
By certain vaiiations of the piocess md tin emiloyment of some other salts the 
light colouied Ln^hsh woods miy be stained in a vauegxted m inner thioughout 
then substance so as to bo avaihblo for miking oinamontal fuinituie but the pun 
cipil ipplication hitherto made of the pioie&s (for which the patent was specified 
m Jammy 1842 ) is for piopaimg iimbei for lailway puiposes and foi building 
especially the wood used m piles ami wet found itions 
Mr 1 lyno his a new patent which will be shoitly specified designed for a dif 
ferciit piepaiation of timbci foi the sheathing of ships and sea walls 

Note I Page ^ > — lo follow the loot Note 
{I he Bassoolah 01 Indian AtUe ) 

By fir the handiest insiiumeiit (sud the late Sii John Robison ) for bloc I in 
aihei hud ui soft wood for the lithe is the Lassoohh oi ludmiad/e with i hi icl 
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of from 1 J to 2 pounds weight The eye is conic'll and made widest at the upper 
end so that the handle may he knocl ed out to allow of the adze being ground 
The Bassoolah is represented at d fig 318 page 47oj of this present volume 


otes J K L Page 46— to conclude the Page 
(A ote J — Mi h ving s Cay ving Machine ) 

Since the pei lod at which Messrs Braithwaite s patent for carving wood by burning 
w as lanted in Nov 1840 (see Note A Appendix vol i ) two other important patents 
have been taken oat for carving wood b^ revolving cutters and on each of which 
patents a few words will be now offered 

Mr Irvmg s Patent sealed November 1843 although it may be used for figures 
in low or high relief is principally applicable to works m one plane such as the 
mouldings of Gothic tracery whether stiaight curved or undeicut and of all 
sections the woik is geneially executed from templets or pattern plates 

The revolving drill or cutter which is made globular elliptical or of the particular 
section of the moulding is mounted on a vertical axis at the end of a swinging arm 
or lever which is jointed to the solid framing of the machine The wood or 
other material to be carved is fixed towards the edge of a circular table that is 
free to move on a vertical and central post The aim with the drill is capable 
of being adjusted veitieally by means of a tieadle to make the tool penetrate 
more oi less deeply into the woik 

As therefore the drill may be moved m one arc say nearly from east to west by 
swinging the arm upon its axis and as the work may also be moved in another aic 
nearly as from noith to south by swinging the table round upon its axis and as 
these two motions may be accomphshed simultaneously and in any relative degrees 
by the two hands any outline that has been drawn on the woik may be leadily 
followed with the drill or cutter But more usually a perforated templet is affixed 
upon the work and the end of the cylindrical spindle or drill socket is allowed to 
rub against the templet in order that the drill may cut away all the mateiiil 
betvreen the interstices of the templet and which latter mode is much the moio 
lapid and exact especially when many copies of the same work aie required 
Many of the mouldings both in w ood and soft stone that are used in the new 
Houses of Parliament are in the course of manufacture by this machine which is 
now the property of Mr Pratt of London 

Note K to follow Note J on Page 46 
{My Joy dayi s Fateyit Cay viyig Machine ) 

Mr Thomas Brown Joi dan s Carving Machine patented Feb 17 1845 is moie 
employed for figures and ornaments than for mouldings and two copies ai© 
generally carv ed at once the pattern being placed midway between them 

The model and the wood for the copies are fixed say exactly 8 or 10 inches 
asundei upon a icctilmear slide fiee to move from north to south and which 
slide moves upon a second rectilinear slide free to mo7e fiom east to west these 
two slides run upon xnti f notion rollers and t igothci suppoit what is called the 
fioaUng table upon which the woik is fixed Ihe two movements of the table are 
under the giud nice of the two hands of the worl man while he controls a third slide 
with his foot The thud slide which is % ertical to the other two cariies in the 
center i tiacei of globular foim and also at 8 oi 10 inches on the right and left of 
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tlie tracer cutters of the same globular form which latter are both set to make 
about 6000 or 7000 revolutions in the minute The third slide which together with 
tracer and two cutters forms one entire mass when left to itself descends with 
a moderate pressure that sends the two cutters into the two blocks of wood until 
the cential tracer rests in contict with the model the cutting then ceases and the 
slide IS raised fiom the worJ by the treadle 

In this mannei by a multitude of vertical incisions at different parts the whole of 
the mateual might be cut away until tlie copies were reduced to the exact form of 
the model ] ut it is a more evpeditious mode together with the vertical motion of 
the dulls and tiac i to move the woikabou hormontally by means of the two slides 
as in evciy such lamblmg motion the cutting will cease when the tiacer comes in 
contact with the model The only conditionb are that the cutter and tiaeei be 
exactly alike in form and size ind thit the disbmce between them and also the 
distance between the model and copies whether 8 oi 10 inches oi other measiue 
be fixedly pieseived thiougliout the one process 

The above case in which the worl lies always horiron tally is that most usually 
re(i Hired but when the woik has to be carved on all three sides as for example m 
brackets oi cor soles piojectmg from a wall although the arrangement of the cen 
tial tracer and the cutteis paiallel there v^ith pai taking of a vertical motion in 
common remains unalteied the model and copies are all three adjusted so as at one 
time all to he on then hacks at other times all on their light or left sides with the 
piogiess of the woik Sometimes this change is effected simultaneously by mount 
ing them on idatforms that are situated on fixed parallel and ec^uidistant axes and 
shifting all tliiee at one movement by a simpleairangement derived from the oidi 
nary parallel lule with ladius bais 

In the case of figures carved in the round or on every side the central model 
and two copies are built above one wide bar upon three cncuUtmg pedestals or 
turn plates with giaduaiions and detents by which the three objects may be alike 
twisted lound to face any point of the compass and as the wide bar upon which 
the tlnee circulating pedestals aie built has a tilting motion by which the three 
pc desials may be all alil c pi iccd eithei horizontally oi inclined to the right or left 
m any roquiicd dCoiee until neaily veitical it is clear that these two diiections of 
motion constitute imiversxl joints and enable any and every similar pari, of all 
thieo objects to be presented to the tiacor and cutters respectively 

Messrs layloi Williams and Joidan of London employ these c irvmg machines 
foi ill tlio woods and occasionally for soft stones marble and alabastei and these 
machines as well as Mr Piatt s aic also contributing largely to the embellishment 
of the New Houses of Parliament and other buildings now in couise of being 
elected 


Note L — To follow Notes J and K on Page 46 
(ilf? lomess Paknf Dcntifaotoj foi maJ mrj Aitijicial Gums Teeth and Palates) 
Anothci vanoty of caiving machine bearing some analogy to that last dcsciibed 
w IB invented it about the same time as Mi Joidan s we allude to Mr Jomess 
Dcntifactoi a niachmo foi caivmgthe artificial teeth gums and palates used m 
dental suigciy iiitouicd Maich did 1845 

i Ills michine hi c tho 1 ist is intended to mal e an exact copy fiom a solid model 
but which in Mi I omts s case is a tine counteiimt of the mouth of tho individual 
luoduced by moulding, 1 hus an mipiessionof the mouth is taken as usual ni oft 
died boos wax fiom this a plastei cast is obtained and fiom the plaster a model oi 

3 Q 3 
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impression is mirlo in 'i fusible though h-iid composition pimcipally gum lac com 
billed with a softer gum which produces an exact reveise oi counteipait of the 
gums one that when carefull;^ made fits o exactly to the surface of the mouth as 
even to exclude the air fiom between the model and gums and is therefoic capable 
of being ictaiued m position without spiings simply by atmospheric piessuie The 
object of the michine is to carve an ciacf ficbimile of the compobition model in 
hippoi)otamuB oi wilius ivoiy to cmstitutc the aitihcal palate to which the teeth 
aie fastened 

As some analogy necessarily exists betw cen Mi Tomes s machine and that last 
clesGiibed this account will be facilitated by briefly noticiUj^ some of the piincipal 
points of difference resulting from the circumstance that Mr domes moves the 
work about in a v& tical plane and moves the dull in a 7m i ontal jdane and usually 
cuts the mateiial away by parallel cuts extended laterally over the suiface 
wheieas in the wood carving machine it will be lemembeied the work is Iwi i ontal 
the dull vet tical and the motion rambling in all dneetions 

Ml Tomes s tiaccr and dull are fixed four inches asunder on one slide that is 
moved hoiizontally towaids the woik by a weight and pulled back by a lever and 
the cement model and the ivory to constitute the copy are clamped on ciiculai 
plates 01 difal s also foui inches nsunder and which disl s aie fitted upon the slide 
plate of a long honzontal slide moved by acoaise screw with a winch handle by 
the travel sing of which the series of lines is usually cut This houzontal slide is 
mounted upon a vei tical slide having a screw and ratchet mo^ ement soarimged 
that when one ii regular undulating line of the woiJc has been cut and the drilling 
slide withch awn to its full extent the woik is shifted by the ratchet movement more 
or less cither upwards oi downwards according to the particular nature of the work 
and thus by a succession of parallel cuts the entire surface is eventually produced 
the weight all along supplying one constant pressure to the slide caiiyin^a 
andtiacer to keep them up to their woik with the right de ree of force and 
from the giaduated path of this machine and its peifection of action the tool marks 
are not discoverable in the finished work as they become completely meiged one 
into the other 

To enable the few undercut parts that occur in artificial palates to be carved by 
the dcntif actor Mr 1 omes now makes the slide th d carries the disks not with one 
flat suil ice but to have tw o inclined and paiallel planes that serve as the founda 
tions for the circulai dials and which latter aie connected by one long tangent 
setew that moves the two uiion their axes similiily and equably so as by the 
angulii change of the disl s which caiiy the woil and model to pi ice the few 
undercut puts succesbively at the lowest sides of the inclines or at the bottoms of 
the hills when such undticut paits (unless they exceed in inclination 20 degrees 
and which never occurs in this bunch of ait) slope the leverse way so as to be 
conveniently accessible to the revolving cuttei 

The dentifactor was constructed in the author s maniifactoiy and he therefore 
fools inci cased xdeasuro m announcing the complete efficacy of Mr Tomes s pioject 
which was favourably noticed in the MmiUts of Cotiva bation of the Institute of Civil 
I nginecis page 250 in tliQ 3Iodical Ga ette p 16 1 and numoi ous othei publications 
and for which invention Mr lomes received the Gold Ihih Medal of the Society of 
Alts — all in 1845 
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Note M Page 121 — To precede the last two lines 
{StQ aigJileiung stag hoin and hucl hoi n ) 

Stag and buck hoin admit of being partially stiaightened when in thin pieces 
01 sc lies to adipt them to the forms of the handles of pen and pocket knives lo 
effect this a dozen pie( es of the stag or buck horn when reduced neai ly as thin 
as reqiined aie thrown into a vessel of water almost boiling and on lemoval one 
at a time aie flattened or uutwi ted by grasping their ends between pliers and 
stiaimngthem into form aftei which they aie allowed to cool in the an or aie some 
times dipped in cold 'water The undei sides of the scales aie then filed or rasped 
upon a stiip of non held in the fiathng vice repieseuted m fig b64 pi^^e 854 
Sta^ hoi 11 and buck hoin aie consideied to become more buttle fioin the immei 
Sion which is therefoie made as shoit as possible fetag horn buck horn ivoiy 
and pearl shell especially the fiist are somewhat liable to cause lust on the steel 
woika of knives not so however toitoiseshell oi buffalo and similar horn 

Note N Page 155 — To follow the fiist paragraph 
{Isinglass glue ) 

If it be wished to dissolve good isinglass in spirits of wine it should fiist be 
allowed to soak foi some time in cold watei when sv\ elled it is to be put into the 
spiiit and the bottle containing it being set in a pan of cold water may be biouj^ht 
to the boiling point when the ism^^lass w ill melt into a uniform jelly without 
lumps or strings which it is apt to have if not swelled m cold watei pievioubly to 
being put in spirits a small addition of any essential oil diminishes its tendency 
to become mouldj 

If gelatine which has been swelled in cold w itei be immersed m linseed oil 
and heated it dissolves and foims a glue of remail able tenacity which when 
once diy pc ifectly resists dimp and two pieces of wood joined by it will sepu ite 
my whole else i ither thin at the joint Oidmiiy glue may be thus dissohed and 
sometimes a small quantity of led lead in powdei is added Ui J Iwbison 

Note 0 Page 160— 161 

(P^ ossco s patent pi octss foi woi ! s made of di y clay ) 

The fiist line of the aiticle on clay which lan as follows Ihis miteiiil is only 
woiked m the soft uid plistic stito is umiitciition illy cn out ous is the authoi 
since Icauis thit Mi Mcucko obtuned in 1828 a patent foi mmuf letuiing biicl « 
and tiles fiom chy pulvcii/ed cliy containing a cpiintity of moistiuc not c\ceid 
mg one pei cent the ehy was pies od foieiliJy into moulds and immedutely 
baked without the iieces ily foi its being diied ind horn the dense condition oi 
the compicbscd miss wiLliout the usk of ciacking in the fiic 

M .1 Kowlind 1 lossci s pitout 1840 is foi a smnl ii but supcrioi emi>loymcnt 
of diy cliy sometimes mivecl with colouiing matteis foi mal mg buttons riiioS 
knobs the tcssci e foi pivemcnt and othei things The diy powdei is put into 
i deep mould that holds just the iijit quantity and teiminates at foot m the 
bottom die the top die is att icUed to the fly pi css dtscends within the tube in I 
moulds the object mil mg the foui holes m the button at the same moment 
Ihe puces aic leleised horn the mould by a piston or i imiiici piessed up w lids 
IS usuil by i iieidlo n othei wise Ihis latent is sucee sfully woil ed by Messis 
M Intel of btol c upon I lent 
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iN'ote P Page 191 to precede Section lY 
{Clay s patent p? ocess fo manufactui mg wt ought ii on ) 

The author tianscribes from the Minutes of Convex sation of the Institution of 
Civil Engineers for 1843 page 82 a part of the account of this process 

By the ordinary system of iron making the ores are reduced into the state of 
cai buret of iron and then by refining and puddling the metal is de caibuietted 
thus making it into malleable non by a number of processes which are recapi 
tulated — 

1st Calcining the 01 e 

2nd Smelting m a furnace by the aid of blast either cold or heated with 
raw coal or coke for fuel and limestone as a flux 

3rd Refining the pig into plate iron 

4th Puddling shingling and rolling to produce merchant or 5th No 2 

bars 

6th A repetition of the same process to make best or No 3 bars 

Seeking to dimmish the number of manipulations by the new process a mixture 
of dry Ulveratone oi other rich ore (Hsematite) is ground with about four tenths 
of its Ml eight of small coal so as to pass through a screen of one eighth of an inch 
mtsh This mixture is placed m a hopper fixed over a preparatory bed or oven 
attached to a puddling furnace of the ordinary form While one chaige is being 
woiked and balled another giadually falls fiom the hopper through the crown 
upon the preparatoiy bed and becomes thoioughly and uniformly heated the 
carbuietted hydrogen and caibon of the coal combining with the oxygen of the 
ore advances the decomposition of the mineial while by the combustion of these 
gxses the puddling furnace is prevented from being injuriously cooled One 
charge being withdrawn another is brought forward and in about an hour and a 
half the iron is balled and ready for shingling and rolling 

The cinder produced is superior in quality to that which results from the 
common system it contains from 50 to 55 per cent of iron and is free from phos 
phone acid which frequently exists and is so injurious in aU the ordinary slags 
when re smelted the cinder produces as much as No 1 and No 2 cast iron and is 
of as good quality as the ordinary black band ore of Scotland 

The pi ocess was highly commended by the meeting as being simple and scientific 
and evidence was advanced to show the iron pioduced in this mode to be equal 
to the best cable non 

Note Q Page 196 of Yol i — To follow the Foot Note 
{NabmytJi s Patent Du ect action Steam 11 ammo ) 

Since the foregoing pages were printed a valued friend of the author Mi J ames 
Nasmyth of Patricioft near Manchestei has bi ought into successful opt ration 
two very impoitmt machines the one the Direct action Steam Hammer employed 
in the place of the old helves or lift hammers the other a legitimate descendant 
of the above hammer a machine invented for driving the piles required for the 
foundations of buildings and cofiei dams The author is enabled to picsent to his 
readers some pirticulais of these machines, which their inventor has been kind 
enough to write for these pages 

Jbig 968 lepiesents a geneial view of the steim hammei D is the cylmdei in 
which the piston woiks and to the piston lod which comes out at the bottom of 
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the cylinder is attached the hammer A hij^li pressure steam is let in under the 
piston which raises it together with the hammer A to any required height within 
its vert cal range of motion and in which it is guided by two planed guides E E 
On the escape of the steam when the valve of the cylinder is opened the hammer 
falls on the work that lies on the anvil with the full foice due to gravity and 
without any loss worth naming from friction the instant the hammer has given 
its blow the steam is again let in under the piston and the same action is 
repeated with ease and rapidity 

When it IS desired to lessen the force of the blow the steam is let in under the 
piston ere the fall is complete so that a cushion of steam is then pres'^nted to receive 
the force and modify it to any required extent such is the piecision with which 
this can be done that the hammer may be ariested in the most soft and silent 
manner even when wi hin one tenth of an inch of the anvil The hammer can be 
thus set to give any definite blows by the due adjustment of the lever which closes 
the valve for which purpose its position is legulated by two long screws seen in 
the figure the re opening of the valve is effected by a small cylinder and piston 
(at B) on the top of which piston steam is made to act as a most peifect spring 

When on the other hand it is desired to increase the energy of the hammer 
by making it give blows even more powerful than those due to the highest fall of 
the hammer by giavity alone the following simple but effective anangement is 



bi ought into action Tins contrivance consists in making the top of the cylind r 
quite steam and an tight so th it when the piston passes beyond the holes ooo o 
fig 069 the old siciin oi air which is then pent up in the chambei Z Z above the 
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piBton may obtain a leviving energy by the compression it receives from the 
upward motion of tbe piston and this compression is wholly returned in the con 
dition of elastic recoil of the most perfect kind which recoil added to the simple 
gravity of the hammer vastly augments the rapidity and intensity of the blows 
As soon as the piston re passes the holes oo oo the old steam or air re enters with 
perfect fieedom so as to offer no resistance to the fall of the hammer 

It may be w ell to notice in conclusion the peculiai elastic yet firm manner 
111 which the connection between the piston rod and hammer block is made this 
being one of the most important details m the whole anangement and without 
which this invention would have possessed hut little pi actical utility It will be 
seen in the enlarged section fig 969 that the piston rod has a large end P forged 
to it this goes down into a well inside the hammer block and rests on seveial 
pieces of hard wood placed at W one or two rings of the same material being 
pi iced above the part F the whole being lieyed hard down by two taper 1 eys XX 
which are dm en in over the wood iings through the body of the hammei these 
Cl OSS 1 eys retain all the paits firmly together 

1 his ittaehment while it effectually unites the piston rod and hammer at the 
same time presents such an elastic or yielding medium as to remove all risl of 
destructive action which would be otherwise certain to occur if any hard unyield 
mg substance were placed between the anvil and hammer or that these two paits 
w ei e allowed accidentally to come in violent contact no such concussion can now 
injuriously affect the piston and hammer A close resemblance will be obseived 
in tins airangement to that of the caitilage m the joints of animals between bone 
and hone 

The author of this volume has to add that several of these steam hammers have 
been erected m oui Government Dock Yards and at the works of various engineers 
sometimes they have flat faced hammers and anvils for general pui poses at other 
times semicircular tools foi swaging round shafts and in this case peculiar advan 
tages aiiso fiom the steam cushion which pi events the appi oach of the tools beyond 
one precise distance so that the shaft is made of uniform diameter throughout' 

The steam hammei has also been employed in manufacturing large coiiper 
pans into the cential parts of which the convex hammer then dips with unening 
precision and any particular measure of force 

I he largest of the steam hammei s as jet made has been erected in the woiks 
of Sir John Guest Bait Dowlais South Wales for the manufactuie of wrought 
iron and m this machine the hammer weighs h tons it can be lai ed 7 feet and 
its face measuies 4 feet by 2 feet so as to consolidate at one action the entire 
mass of thehJooms or w'fcs foi making riilwaybais as the hammei face includes 
the whole surface of the bloom at eveiy blow the bed oi anvil peihaps the 
largest iron casting m tho woild weighs 36 tons and was cast in one mass fiom 
the united contents of foiu great furnaces 

In a foimcr account of the steam hammei wiitten by Mi Nasmyth for the Civil 
Lngmeei s and Aichitects Journal Vol VI page 40 hefiistdosciibes 
mode in which thepowei was conveyed fiom the steam engine thiough intermediate 
gear and shifting to the old helves or lift hammei s illuded tom the fust volume 
some of which lift hammers although weighni^ upwaids of 6 oi 7 tons give by 
comparison meffectne blows on laige masses beciuse fiom moving on a joint tho 
use and fall of the hammer is limited and in foigmg thick woils when the 
strongest blows aie required the hammei hw the less space to fill Mi 
Nasmyth then contrasts the above ciuiom mode witfl his own simple and dn tU 
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means applied to the same end under an arrangement in which the Im gest works 
may with moie consistency be made to leceive the strongest blows 
Another comparison there also instituted is greatly favourable to the patentee 
as he adds that although from various practical leasons the dimensions of the old 
hebes cannot be materially exceeded the cylinders and appendages required m 
the new hammer admit of an almost unlimited increase in their magnitude, in 
order to meet the continual aggrandisements of engineering requirements 


Note R — To follow Note Q on Page 196 
( ¥? Nai>myths Steam Pde JDi iiing JOn jine ) 


On this machine Mi Nasmyth writes — Pheie are two grand or impoitint 
featuies of novelty in this pile diiving engine compaied with all foirner con 
trivances foi the like purpose In the first place by the employment of the ^eain 


h immoi action the st am 
IS made to act diicct in 
raising up and letting fall 
the hammer or mor / ey 
without the inter\ ention 
of any lotative motion 
vhile in the second place 
another grand feaiuie of 
novelty consists in tho 
employment of the pile 
which we are about to 
drive as the foundation 
or sole support of the 
apparatus A B C fig 
971 so that by its restint^ 
on the shoulders ot the 
pile we have not only the 
effect produced by the 
blows of the himuier ( 0 
cwt at 80 to 100 tliice 
feet falls per minute ) but 
we ha\e also the entire 
weight of the ax>pai it us 
ABC equal to 3 tons 
assisting in a most im 
portant degree to force 
the pile down into tho 
ground 

The pile to be driven 
IS raised un and planted 
in itb situation by the 
machine by means of a 
windlass worked by a 
small detached steam 
engine at H the ippa 
1 itus A L G lb it the 
ame time i aised up ind 




002 


APPENDIX NOTES R AND S 


placed on the shouldeis of the pile like an extinguishei on a candle the cliuii 
D D IS then let fi ee so that the entire weight of A B C shall rest on the pile 
the steam is now let in from the boiler to the cylmdei by the jointed wrought non 
pipe E D the hammer then sets to work with great eneigy showering down its 
ponderous blows on the head of the pile at the rate of 80 to 100 per minute at 
each blow the pile sinl s and the machinery ABC follows down with it guided 
m its descent by clamps 'which loosely grasp a guide rail fi\t.d on the side of the 
great upiight and which uprijit aLo letams the pile m true position all the way 
down 

Some idea of the rapidity with which piles are driven by this machine may be 
foimed when we state that a pile of 60 feet in length and 14 inches square can be 
driven 45 feet into stiff soil down to the rock below in 4 minutes and such is the 
good^effect resulting from the blows hemg given byaj^eai mass of 30 cwt striking 
qmcJIy but with small velocity of actual impact that the pile head requires no 
hoop and presents after bem^, driven a neater appearance than it had when it was 
first placed under the hammer 

Phis is a very impoitant result and the natural consequence arising /rom the 
emi)loyment of mechamcal f O') ce in the right conditions for the puopose leqvMcd 
namely in this case striking a quick succession of blows with a large mass or 
hammer but 'with small velocity of impact by reason of the small height from which 
the hammer falls the action of the ordinary pile driver being quite the reveise of 
all these conditions By inspecting the figure it will be seen that the entire machine 
IS possessed of locomotne powers inasmuch as it is mounted on wheels and moves 
along rails so as to pass onwards as the piles are driven in succession it may be as 
welltoobseivethat the apparatus A B C is only raised up by the small fixed steam 
engine once per pile instead of once pe) blow as in the case of the ordinary machine 
Ihe author has not had the advantage of seeing Mr Nasymths pile diivmg 
machine but he understands from eye witnesses that its rapidity is such as to 
excite a smile from the almost marvellous manner m which this jack zn the box 
(the hammer being concealed from view by the frame or casing) pei forms its 
woik as it fulfils ill 4 minutes that which frequently required by the old machine 
a period of 36 hours presenting a ratio in the time saved as 540 to 1 a ratio 
most egregious but true withal 

A pile said to have been diiven home or as far as possible by the old pile 
driving engine (as the old ram then i ebounded as from a solid rock) was driven a 
luitber quantity of 10 feet by the steam pile driver until it had indeed met the 
solid rod beneath 

The action of the machine is adduced as a most pei feet evidence of the high 
import nice of 1 no wing undei what modification we should use force m the accom 
phstiment of ceitain duties thus — jou want to split and shatter a pile into 
lueifei matches then let fall camion balls upon it from a gieat hei^^ht but if you 
want to drive the pile then let the cannon itself fall on it and that fiom a smxll 
height and is rapidly as it can bo effected say 100 times m a minute so that it 
may ucvei give the pile a moments time to set fast in the soil 

Note S Page 202 — To follow the thud paiagraph 
{The OUiei o? small lift hainmei ) 

I ig 9 / 3 1 epi esents a species of lift hammer woiked by the foot The hammei head 
is iboiit 2 inches squue and 10 long 'with a S'W ige tool havin^ a conical creibc 
atiiohcd to it iiid a conespondint, swage is fixed m a squaic cast non anvil block 
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about 12 inches square and 6 deep with one oi two round holes foi punching &c 
1 he hammer handle is about 2 to 2 ^ feet long and mounted in a cioss spindle neaily 
as long supported in i wooden fi ime between end sci ews to adjust the grooi e in the 
hammer face to that in the anvil block A shoit arm 5 or 6 inches long is attached 
to the right end of the hammer axis and fiom this arm proceeds a cord to a spiiiig 
pole ovei head and also a chain to a treadle a little above the floor of the smithy 
When left to itself the hammei handle is raised to nearly a veitical position by 
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the spimg and it is brought down very readily with the foot so as to give good 
hard blows at tlie commencement of mouldiiij^ the objects ind then lij^ht blows 
foi finisbmg them The micliine was used when the auihoi fust saw it in 
makiiio long stout nails intended for fixing the tiics of wheels socuied within the 
felloes by washers and riveting the nails weie made very nicely round and taper 
and were forged expeditiously 

N'ote T Page 226 — To follow the fifth line 
(fhe Manufactm G of TF'i ought lion 1 uho ) 

The authoi s attention has been drawn to the contents of pages ‘^25 and ^6 ol 
his fust volume lefeiimg to the mmutaetuie of wrought non tubes assoeiited 
with a re reb that he had not set forth inoie fully and hi&toiieally the pi )gu.ssive 
steps through which this interesting and impoitant manuiactme has anivcd at 
its piescnt state of perfection 

Upon this hint the autlioi requested Mr 1 lossci with whom the sngge stion 
oiioinated to point out the eiiois of mode and dite that he had eommiliul iiul 
which collection Mi liosci has most kindly lendeied in the aceompmying 
synoptic il table beie inseited wi Lout diei itiou 
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MANUFiCIURL OF IRON TUBES 

Dmion up for this Worh hj Roioland Prosser Lsq CP of Lit uiiugham 
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In the fii&t column on the left of the Synoptical Table aie lepiosented little 
&1 etches of the principal means employed in the mannficture of wolded tubes 
next follow the veibal explanations of the sketches and the gioup of columns 
on the right are headed with the names of patentee and the dates of then patents 
The dates nisei ted m these columns in the same horizontal lines as the sketches 
are intended to show that such means were employ ed under the several patents 
designated by the dates 

For example running the eye down the fiist date column it is to he understood 
that Benjamin Cook s the fii&t patent for the manufactuie of non tubes was dated 
1808— that by him the tube was welded by the hind hammei — finished by the 
diaw bench and drawing rolls — that the mandiil employed was parallel md lastly 
that the tube had a scaif or lap joint — and so with all the others 

This tabular view although most fascinating for a cuisoiy inspection could 
not be mxde to convey various matters of detail and points of impoitant jet 
minute difference v hich have existed m the sevei \l modes of pi ictice and wliicli 
have given use to many and expensive lawsuits And theiefoie as a brief sum 
mary of the entire manufacture the author subjoins from the pen of a fiiend 
who IS professionally and intimately acquainted with the subject a condensed 
account showing the dates titles and the mam featuies and processes of the 
entile senes of patents for making wi ought iron tubes 

LElSTJAMIlSr COOK of Birmingham Patent dated 28th Mai ch 1808 fu a 
method of mal mg ban els for fowling pieces muskets pistols and othei simihi 
file arms and lamiods for the same 

The Patentee pioposed thieo plans of mal in^, bxrrcls m one onlj of winch 
was there any welding 

The first plan consisted of foiging oi othei wise pioducmg a lound bai of non 
01 othei pioper metxl of a shoit length is complied with the intended hniel ind 
then a hole was dulled m the sime ind it wis pi op isod to clongitc iiu bxi lel by 
di aw plates siinilii town dixwUo but luvin^ i mxnhil in the band oi iht 
oloiioationw is to be oneeted by moved lolleis usiUi^ i niandiil insi Ic the biiu 1 

iho second plan wis lo tui i a shoit jilite of non ui steel ovti a mnidiil ( i 
leal iron and to weld it by! ind then to clont,iio the bind so pioduccd by 
diawing tbioiigh holes m dies oi by giooved lolleis is bofoio using a inindiil 
inside the barrel when olongiiing it 

The third plan consisted of taking a cn cul ii pi ito of met il ind the n by sue 
cessively foicing it through a senes of holes in i die it wis pioposed to i use it 
nto the shape of a cup and then having done so the ciq was to ho ebiic^itcd by 
drawing it thiough holes in a die or by means of a pan of grooved i oik is using i 
mandril on the inside of the band when elongating it none of those pi ms sue 
ceeded and they never came into public use 

HENRY JAMES AND JOHN JONES of Biimmgham Patent gianttd 
26th July 1811 for an improvement m the minufictiue of buiels of all descup 
tions of fire aims and aitilloiy 

Then are two methods of welding ban els desonbod m this mvtniion 1 irst 
the plite of iron was to bo turned ovei into the shipc of a bind so tint tliccdgn 
should be 1 1 ought into a position foi welding, i part of the ban el be m^ he ited Le i 
welding boat was to bo pliccd on a hollow anvil having Sl^erll giooves to cfxie 
spond with the bairel, and then ly a senes of Inmincis, woil ed by uiiehineiy, the 
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heated pait of the ban el wa? to be welded a stamp or mandril being inserted in 
the barrel when welding And secondly the Patentee proposed to use grooved 
rollers the grooves being of the figures of the ban el and a mandiil was to be 
used Tins appears to be the first invention of the use of grooved i oilers to weld 
barrels of fiie arms 

HENRY OSBORN of Boidesly near Birmingham Sword and Gun Barrel 
Mai er Patent gianted 1st of March 1817 for a new method or pimciple of 
prodiicmo^ cylinders of vaiious desciiptions 

The Patentee had a previous patent foi turning the plates of iron i eady to be 
welded into barrels or cylinders and this was done by giooved i oilers the picscnt 
patent was for using grooved rollers as a means of welding cylindeis or gun bairols 
and ifc consisted m using similar grooved i oilers to those desciibed by James and 
Jones but in this patent a mode of using a mandiil vas desciibed veiy diffeient 
to that suggested by James and Jone and it is by means of these in\ entions that 
by far the largest proportion of gun barrels have ever since been welded in 
Liimingham 

Ihe novelty in using the mandiil consisted m this there was to be a shield fixed 
on the mandril so as to pi event the mandril being di awn thi ough between the grooved 
rollers when welding a cylinder or ban el thereon In using the mandril it was 
nisei ted into an unwelded barrel (the ban el being at a welding heat) and conveyed 
thereon to the rollers the mandiil being retained by stops which pi event the shield 
passing thus the barrel as it was welded by the lollei s was di awn off the mandril 
the mandril 1 eepmg the bore open and preventing the non from being rolled into 
a solid mass In this manner was the weld made and then by repeatedly heating 
the bail el or cylinder and passing it between grooved rollers with a succession of 
manduls the ban el or cylinder was drawn out to the desned length 

JAMES RXJSSELL ofWednesbury Gas Tube Manufacturer Patent gianted 
19th Jauuaiy 1824: for an Improvement in the manufacture of Tubes for Gas and 
other purposes 

This Patentee proposed to weld iron tubes or ban els by means of a hollow 
hammei and tool and it was intended that the tube to be welded should be held in 
the hollow tool and receive bloaas by the hollow hammei and this welding was to 
be done either with oi without the aid of a mandril And then having welded 
the tube or barrel it was to be shaped mterioily and exteiioily by means of a 
pan of giooved rollers and a mandril with a large head over which the grooved 
1 olleis w eie to move the welded tube oi bairel This Patent failed of success It was 
found that the hollow hammer and corresponding hollow tool would if they embraced 
the bail el have no effect on it and if the bairel was too laige in diameter for the 
hollow it would only be crushed by the sides of the hammer and the hollow tool 

CORNELIUS WHITE HOUSE of Wednesbury Stafford Whitesmith 
Patent dated 26 fch February 1825 foi certain Improvements in Manufacturing 
Tubes for Gas and other puiposes 

This Invention was the fii st to suggest that a tube might be formed and welded 
by simply applying external pressmc without inteinal support and the inventor 
desciibed the means of accompli hmg the welding and shaping of non tubes foi gis 
and other purposes to consist of fiist turmiit, up the plites of non so that the 
edges would come together or neaily so and then about half the length was to be 
heated to a welding heat and by means of a draw bench such heated pait of the 
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prepared tube was to be drawn througb a bell mouthed dio winch might be foimed 
in the shape of a pan of tongs with hxndles to open oi close the two 1 dves of the 
die 01 the two halves might be opened oi closed by a screw The inventor did 
not confine himself to the particulai consti iiction of the dies and it was held by a 
Court of Law that grooved i oilers capable of giving complete circumferential pres 
sure when no mteinal support of a mandril was lesorted to was within the claim 
of the P itentce 

Such was the great simplicity and utility of this Invention that notwith 
st Hiding the assignee of the latent Mr Russell had made a very considei able 
fum of money by the Pitent the Pi ivy Council advised the Crown to*e\tend the 
period foi which the Patent was granted from 14 to 20 years 

GPOPGE ROYL Walsall Slaffoid Whitesmith Patent granted 21st Mai ch 
1831 for an Impioved method of mal mg lion Pipes Tubes or Cylinders 

This Patentee pioposed to use two giooved rolleis placed in front of the 
furnace so that the prepaied tube when it was heited to a proper welding hext 
should be drawn out and welded by the rollers and to facilitate the working 
the uppei idler was capable of being sepai xted fiom tbe under one by which the 
tube could be moved between the lolleis and when the iippei roller was brought 
to the lower i oiler and motion communicated to them the tube was lun out of 
the furnace and welded The tubes being thus welded were to be passed through 
dies to give them a better shape this inv( ntion was put into use by Messrs 
Di\on So Co of Wolveihampton This mode of minufactuie was dechied to be 
an infringement of Whitehouse s Patent because the welding was by ciicumferential 
pressuie without any mandiil oi mteinal suppoit being employed 

PREDERICK EDAVARD HARVEY of Tipton St xlfoi dshire and JEUE 
MIAH BROWN of the same place latent glinted 3rd lebiuary 1836 for cei 
tim Improvements m the piocess and mxchiiieiy foi manufacturing Met xllic 1 ubes 
and a'^so in the piocess or machinery foi foigmg oi rolling met xl foi othci purposes 

In this invention giooved idlers were employed and the pimcipal novelty 
consisted in the mode of supporting the mandul winch wis i shoit instrument 
pi iced xnd fi\ed in fioiit of the lollois xnd m sudi mannoi that tlio enlaigcd 
held came just in the pinch of the rollois and m woiking the heated tube wis 
to be foiced ovci the shoit ciankod stem of the mandul the unelosed scam of 
the tube being sufficiently open to allow it to pass the fin by which the stem of 
the mandril was earned 

THOMAS HINRY RHSSI LL of Handsworth Warwick, Tube mal ei 
Patent gi anted 3rd May 1836, for impioveinents in making or manufaetuimg 
welded lion Tubes 

‘ This Patentee propc sed to make welded iron tubes without fiist tuining up the 
Iron plate from end to end xnd the invention consisted of only turning up a few 
inches of the length and then by apparatus placed in fiont of the fuinace to cause 
the plate of iron xvhen m a w Iding stite to be fust turned into the shape of i 
tube and the welding was simultxneously to go on by moans of dies oi by lolleis 
m the mannei of Whitehou&o s Invention befoie mentioned 

RICIIA D PROSSER of Biiniinghxm Civil Eiij^mcor Patent dried 27lh 
Mu eh 1310 for improvements in inachinciy on ippuitus loi muuiiietuung 
I i^ies 
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This Patentee piopoged to use a combination of tbiee or four rollers TMien 
lour rollers are employed the;y are formed with grooves all exactly equal to the 
quadrant of a circle and with edges bevelled at 45 decrees so as colloctively to 
mahe up the entiie ciicle The four rolleis are connected with equxl wheels in 
Older that they may tiavel with the same velocity The end of the thm skip of 
lion is bent to the ciicle and when at the proper heat the i oilers cany itforwnd 
and depose the welded tube upon a long muidiil smaller thm the boie of the 
tube and placed immediately opposite the rollers the mandiil sel^es to support 
the tube whilst in its heated and soft state Large numbers of tubes have been 
made in tills manner by the four rolleis and when thiee only are employed they 
cmbiace one thud of the circle instead of the fouith 


THOMAS IIFNRY RUSSELL of W ednesbnry Staffoidshire and COl NF 
I lUS WHIThHOUSL of the sime place Patent gi anted Mai ch 7th 1842 foi 
impiovcmcnts in the maniifactnie of welded lion Tubes 


This Invention has foi its object a mode of welding vety tlnn iron tubes when 
mal m Up ]oiiits and the tubes wcie p n iicuUrly intended for steam boileis The 
im ntion consisted in using a mmdiil of small diameter when compaied with the 
intended di imeter of the tube and the tube was welded by passing the tube with 
the nnudiil in it bet/veen grooved lolleis or through bell 
f(^ ( mouthed dies the hole being of an ovxl shape so th it when 

mandnl was set fast m the tube throughout 
its length but on pissmg the welded tube through dies with a 
ciiculir opening the tube was made cjlmdiical thus allowing the mandiil to be 
u adily wiindi iwn in consequence of the smallness of its diimctei when compaied 
wiih ih it of the tube 1 ho ok ssuro c f the lollu oi dies was mack to a t fiist 
on the outoi edgo of the lip joint then on the inner and listly on the centixl 
put the thicc piocGssess being accomplished at one he it and the diamotiicil 
liiK upon which the piessute was applied became for the time the slioitcr 
di imotoi of the oval 


^TAMfS ROOSr of 'Wednesbury Staffoid Patent gi anted 9th May 1S13 
(oi in Tinpi ovemont 01 Improvements m the mode or method of manuf ictuiing 
w tided lion lubes 

1 Ins hncntion consisted of a mode of using dies and also rolleis with giooves 
and nianduls in a pccuhu manner which does not appear to have come into use 

TOTTM TAMl S RUSSFT T and PFIOMAS ITEMPY PUSS! TL of Weel 
iKsbiay St ifruidshiie 1 ube Manuf act in ei s Patent gi anted July 24 1844 

Ihirt Inmition w is for the welding of the hi^^er cliss of tubes for boiler and 
such 111 0 pntioscs and consisted of a moving hollow bed on winch the piepaied 
tube in in unwelded state was placed and the bed with the tube passed undei 
a grooved idler A fixed mandiil being used on the inside of the pipe ovei which 
the pipe moved so as to give snppoit and resistance wheie the weld was tal ing 
place I ho end of the tube being fixed to the hollow bed the movement of the 
bed noeoHHUily c lined with it the tube and ciused it to pass ovei the mandiil 
lud undci the piesHiiig oi welding lollei 


THOMAS HI MRY EUSSI LL of Wcdncsbmy Stafioicl Tube Manufictmer 
1 ibc nt granted 14th August 1845 foi impiovementsm the manuf icture of wJded 
Iron 1 ubes 
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This Patent desciibes 'll! invention for welding iron tubes for steam boilers 
and othei pm poses and it consists of using a long j 6 .xed bar or beak iron supported 
at one end on to which a prepaied iron tube at the welding heat is placed the 
edges of the metil overlapping in order to produce a lap joint and then the weld 
is produced by external mechanical pressure which is shown to be pioduced by a 
grooved rollei situated above the end of the beak iron by drawing it off the beak 
iron and beneath the roller the beak iron must not be less than half as long as 
the tube and the lattei is welded at tw o process s This invention has come into 
e\tensive use in mal mn^ tubes of large diameter of thin plate iron with lap joints 
In conclumg this notice of the manufacture of wrought iron tubes the author 
has to obseive that the gieat featuie of modern times in the manufactuie of tubes 
IS the being able to dispense with all intern xl support and to complete the tube 
by external piessuie alone such piessuie acting on ill points of the oncumfeicnce 
The rn indiil w as quite indispensable when gun bairels were forged by means 
of the lateial blows of handhimmeis upon anvils oi swages and the idea of the 
necessity for the mandril has been lon^^ retained undei various modilications 
greitly to the piejudice of the entire manufacture of wrought non tubes as when 
the mandnl fits tightly it hinder s the piogiessof the tube ovei it and spoils the 
work The mandril when now used is only employed as a suppoiting instrument 
one that does not fit the tube but only serves as a holder or biacl et to carry the 
tube in its heated and flexible state and not jin any respect as a means of foiming 
or peifecting tne boie of the tube 

On this point the strongest yet clearest judgment was pionounced by Baion 
Parke in the trial on Whitehouse s patent namely that the gi eat not city is the 
complete cii cum fe^entialpessmc with motion leaving out the mandi il oi any internal 
buppoi t 

Another point of great nicety m the manutactuie is the levcrberatory furnace 
which notwithstanding its length requires to be belted most intensely yet uni 
formly thioughout sometimes a blist is used but the desciiption of Mr Pros&ei s 
fill nice will seive as a geiieial cxilanition 

The fill nice lequiics of com sc to heot the fulllenj^th of the longest tube and it 
his a dooi at r ich end fci the entiy and lomovil of thoskolp on the one side mo 
seveial stol e holes for tho intioduction of the fuel which is mostly coal Romctiuics 
col 0 and mthe opposite wall beyond the budge of tho fumico aie coiiGHpondiiic 
n pel till es leiclmg into a longitudinil ehunbci pii illol with the fiio and thence iiiio 
the lofty flue the dimensions of the apu tines must be determined m some mcasuie 
expel linen tally until the furnace bums with equal inicnBiiy thioughout its Itn^^th 
Xhe time the non is exposed to the intense heat of the fiun ice lil cwise requnes 
caul 111 attention as if accident illy exceeded tho iron is eiitiiely spoiled 

I ho minufictuic of thm tubes his recently obtained a great inipuhe from the 
veiy general idoption of the tubulai system in maiine boileis These tubes aie 
usually about one tenth of an inch thick and as luge as thiee inches diimetei 
to adipt them to the combustion of coil the fuel of marine engines wliereas the 
tubes of locomotives in which col e is alw ijs burned uo of onlv about half the 
bore of those foi mu me boilers the tubes for locomotiv s although moic gmc 
lally of brass aie also made of wi ought non 

J he tubulai eonstmetmns of boilcis piescnt a vei y gi eat fii e suifice and efTeci 
a pi oportionate saving m the dimensions of the boilei ml eonsc(jucntl} m the 
weij^ht both of the boilei ind the w liei coiitimcd theum I hid tubes hoin tlu ji 
weighty would be altogethei nuppln ible tibhci to miiiue oi loicmotiie btilw 
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Note tr page 25C —To follow tlie Foot Note 

{AMhlionalieinmlsontliclateSit Johnl^hsonsWmU^top Blo^opijie) 

Articles heated m the flame of the worl shop m gas farmee blowpipe (saicl i - 

— 1 ) preseivethoii polish in the same way as h. Mr T 

th,y have lecnUpt ^n tUfia^c As the ^hole of the o^jgen is 

hTdrosen of the gis none is left fiee to act on the surfioe of the steel and^ thue 

appears to be a tendency to a depo=ation of caihon on glass rods when sul mittcd 

to this flame it may be that this may not only have an ® 

steel from omdation but maypioduce some chemi^l effect ob 

as workmen suppose that giavers or turning tools haidened from this heat 

moie enduring than those heated in the muffle oi on a bar of hot iron 

Is “ready Lticed on pa„e 440 the woil shop blowpipe is figured and desciibed 

111 the Mcch Mag foi lb42 page 258 

Note V p'lge 283 — In continuation of the article on Sil'ver 
(ATTialgams used hy Dentists foi stopping teeth ) 

Dentists employ an amalgam oontaimiig silver foi 

nrenared by rubbing together m a mortar or even in the hollow of the haul 
Lely diMded silver and me.eury and then sqneermg out all 
merliiy leaving a plastic mass which feels to grate and crepitate under the 
Weis When all the unsound parts of the tooth have been caiefully cut away 
Le IS thiust into the cfiy cavity that the tooth may he ^ 

ILlerfrom the air and in the course of a few horns the amalgam appeals to 

crystallize and become considei ably haidei than lead «nfl 

Theusualmode of preparation is to dissolve the silver m mmiatic acid and 
■nrecmitate it as a fine metallic powder by stiirmg the solution yith a rod of zinc 
L iron Some dentists file part of a shilling into dust nndei the 
the copper then also employed makes the amalgam hirdei otheis rub in with the 
tdvrflLrLd leaf or platinum leaf with the ame intention Precipitat 1 
nLLium foim w tl meiLy a similar amalgam to that with sihei hut with 
Le1r«t oTof heat at the time of combination These alloys which liar c 
Jeceirefvauous hi.h sounding names are seldom remelted hut then resume fir 
some houi ‘5 then plastic condition 

Note "W page — to follow the seienth line 

(TaUet s Patent intif iction Metal ) 

Eahbets anti friction metal to be used somewhat aftei the mannei of tin foi 

till bearings of macluneiy is thus described t i x t 

An exLllent compound or alloy foi tins puipose may bo prepared by tal i 
about fifty ppts of tin five of antimony and one of coppei but othei oompouuc 

escape under the supei incumbent w eight of locomotive engines and other he y 

Tal neL and thcLo.e hiasses o, bemmgs aic employed uudei this patent 
rppcittL softer metal but the brasses ar made Hrgei in diime er and with 
inteinal fillets that almost toueh the aalos so as to puvent the thin Imuig of the 
anti faction metal from sproadmg and being pi essod out 



APPriSDIV NTOTrS AV AND X 


971 


Tlie bfas'seg aie fiist (.leaned and tinned and an exact non model of the axle 
having been turned the paiis aie heated put togethu m then relative positions 
luted with plabtic clay and the fluid antifiict on metal is pouied m which then 
becomes of the required form and effectually soldered to the biass 1 he anti 

fii tion metal scaicely appears to suffei fiom wear and owing to its unctuous 
greasy nature leqmies much less oil than othei metals and alloys used for beaiings 
See Letters Piteut granted to Newton 15th May 1843 for Ceitiin im 
provements in the construction of boxes oi ixletieos of locomotive eiiQines and 
carnages and for the bluings or journals of machmciy in gcneial and ilso im 
pro\ cments in oiliiij^ oi lubi icating the same Lemg i comniiinic ition 


IsoteX page 285 at foot and 30“^ —Before 2hc PdUadimii mg 2 ^? ocess 
{Cmi fm ds JPafent foi Or ah am cd h on ) 

At the time the author inseitcd m his former volume the account of Millett 
piocess foi coating inn with zinc and palladium he accident illy overlool td a 
previous patent granted to Mr Hemy William Giauturd Apiil 18 37 (and desenbed 
in the Bepeitoiy of Patent Inventions Yol ix New Senes pa„e ^'^9) he will now 
proceed to sujply the deficiency and also to give some paiticulns of mother 
method by which non that has been pieviously tinned is iho coitcd with zme 
In Mr Cl aufurd s patent sheet iron non castings and a mo us other objects m 
iron aie cleaned and scouiel by immei ion m a bith of watei acidulated with 
sulphuiic acid heated iii a leaden ves el oi used cold n one ct wood just to 
lemove the oxide Ihcy aic then thiuwn into cold \ 7 atc 1 and tal cii out one it i 
time to be scouied with sand and witcr with a pieie < f coil 01 moic usually a 
piece of tliG husk of the cocoa nut the ends of the fibi s of which stive as a biusli 
and the plates aie aftciwiids thiov\n int) cold v\ aiei 

Puie zinc coveied with a thick layti if s il ammoniac is then molted in a bath 
and the non i£ m sheets is dipped several shecib at a tinu in a ci alle 01 {.i liing 
The sheet aie slowly raised to allow the snpeifluous /me to diain off and ue 
tin own whilst hot into cold witci on lemoval from which they only rctpiiic to be 
wiped diy 

'Ihicl pieces aio heated bef 01c immei Sion in a revcihei itoiy ftunico to avoid 
cooling the zinc Chains are sumliily treated and on icmoval fiom the /me 
require to be shaken until col 1 to avoid the links being soldered t( gtthor N ails 
and small ai tides ai 0 dipped in muiiatic acid and dued m a imeibei itoiy lui 
nice and then tin own alto ether in the /me coveied with the sal ammoniac Idt 
foi one minute and tal on out slowly with in non skimmoi they come out 111 a 
mass suldeied toj^cthei and foi thou sepai itioii aic aftcrwauls heed m i ciuciblc 
and buuoundcd with chaico al powdoi then heated to icdness and shal on about 
until cold foi then scpaiation Wiieisicelcd through the me into winch it 1 
compelled to elip by a loil 01 othci contuvince 

It is to be obspracd that the /me is melted in a bath 01 cim iblo just a little 
beyond the point of fusion and is always covered with a thick coat of sd ammo 
mac bothti pi event the waste of the zinc and fmthoi ti picpiie the inci il tint is 
to ho zmeed Cast non bath oi \esfecls sueli is iieusidioi uultniw, tun i [ ewtci 
wciefii temiloyed but /me acts veiy 1 ipidly upon the east 11 m unites witli it 
andfalh in a giiimlai state to tin bott m (f thcnsscl theiebu ui ( uthni 
Imin^ of flic bud lutedwith elij was wiUi some diflii ult\ and 1 sol li it niuii 
tuned m the cintnun vessel to defend the sum fiom tlic letioii ol tlu /me 

3 n ^ 
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(Craufurcl g patent 1837) Now however wi ought iron baths welded at the angles 
are used without the clay lining (Morewood ^ Rogers s patent 1841) as the dete 
noiationboth of the zinc and of the vessel is then less rapid and the process 
succeeds better than when cast iron baths are employed The spoiled granulated 
metal which is only considered to contain about five per cent of iron is ladled 
out and ictuincd to tho zinc manufacturers for purification or le manufacture 


Note Y page 285 at foot, and 302 —Before The Palladiumizing process 
(Moi cwood wild Pogetss Gdhanised Tinned iron ) 

Mr Ldmund Morewood s process is different and is doclired in his patent 
clitcd 1341— to consist m tinning, the metals to be pieservecl fiom oxidation as 
afoiesud m the oulmary mannei of what is called tinning and then m what I 
cill zincing the said tin so that the evternal surfa e may be zinc placed in such 
1 cl ition with the tin and the metal to be preserved fiom oxidation as that both 
the said tin and /nic should have a united oi combined influence in preserving the 
Slid mttal Sec 1 cpcitoiy of Patent Inventions New Senes Vol xviii page 170 
Ihc pi (sent piactice is howevei different from the above as the iron is coveied 
with till by a gahanic deposition as m the elcctiotype process and is aftci wards 
zinced in a bith of the fluid metal The following is the pi actice which is secured 
by subse quent patents enumerated fuithci on 

fllic sheds of lion ue incklul scorned and cleaned ]ust the same as for ordinary 
tinnin^ A 1 iige wooden bath is then half filled with a dilute solution of muriate 
of tm picpaicd by dissolving metallic tin in concentrated muiiatic acid which 
icquiHS i pniod of about two oi thiee days and two quads of the saturated sol u 
tion lu added to oOO or 400 gallons of the water contained in the hath Ovei the 
bottom of thebith is fust spiicad a thin lajer of finely granulated zme then a 
cleaned lion plate and so on a layer of finely granulated zinc and a cleaned iron 
pi aic altaiutoly until the hath is full the zinc and non to ether with the fluid 
constiiuh a weal galvanic hatteiy and the tm is deposited fi om the solution so 
as to coat the iron with a dull unifoim layer of metallic tin in about tv o hours 
Whilst the above process is in operation a wrought iron bath containing fluid 
/iiH iH picpucd tlu. melted metal is covered with sal ammoniac mixed with 
(Uthy mitUi tolsscn the vol atili/ation of the sal ammoniac which becomes 
about iH fluid IS ticiclo Two non lolleis immersed below the surface of the 
/me ue licod to the bath and iie diivcn by machmeiy to cuiy the plate through 
tho fluid mdil it uiy velocity pic viously detei mined The xfiaies aie now le 
coned one by ouo lioiii the tinning hath dr lined Coi a short time and passed at 
once whilst still Wit till High the melted zinc by means of lolleis the plates 
thustaleup avoiyuguUi and smooth Hjci of zme which owing to the presence 
ot the tmb( noth issumes its iiatui al ci ystalhiic ehaiactei giving the plates an 
appt -xiu o 1 ( s( mbliug th it 1 iiown as tho moinc mctalltque 

When the bhcit of metd is dqipcd vcitu ally into the /me the lower edge is 
much longer in cunt act with ihc zme than the upper and fi om the violent action of 
melted /me oi mm this in il cs the bottom edges of the sheets sensibly moie buttle 
th in the uppe 1 whci c is the i olU i b c uise e^ c iM'’ t of the sheet to he acted upon 
m tho Bune degue uid which dcgicc may be exactly detummed by tbe vch city 
gnen to tho lollcis ConHociucutly by ihe lollci piocess thinner non maybe /mccci 
ihinlydippmg edgeways and vei tie ally as no part of the ii on need to bo immersed 
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longer m the metalhc bath than is absolutely necessary foi its properly taking the 
coating of zinc 

In addition to Mr Morewood s patent dated 1841 for the general process by 
ordinary tinning and zincing Messrs Morewood and Rogers have patents dated 
re pectively 1843 for the rollers and the electro mode of tinning in fact for the 
mode of covering metals by the conjoined processes first of voltaic deposition 

and subsequently of immersion in another fluid metal 1844 for new fluxes 

and details of management and 1845 for the manufactme of the galvanized 

tinned non plate into tiles and ridge pieces for roofing and othei works by various 
piocesses of stamping 

Craufurd s Patent (worked by the C alvanized Iron Company) and Morewood 
and Rogers s combined patents have obtained veiy extensive employment for a 
great variety of puiposes and both methods are well supported by testimonials 
But so far as the author can learn the galva-nized non covered with puie zinc 
IS much more suitable to the sheathing of ships for which it is highly economical 
as it IS proved to he much cheaper and is expected to prove more durable than 
copper — the galvanized tinned iron plate is more malleable and may be used for 
thinnei iron and is tbeiefore moie suitable to being wrought as by the tm smith 
with the hammer and it is also found to answer thoioughly for loofing as it can 
be bent and soldeied with facility Gah anized iron is now largel;y used by Govern 
ment and by public companies foi this purpose 

The author is infoimed that both kinds aie open to two curious facts the fiist 
that the chains of tillers and cranes and objects exposed to much friction do not 
lose their coating of zmc this is accounted for by the smooth un oxidized zinc 
sui faces of the chain moving freely on one another wheieas unprotected iron, 
when covered with rust (the pei oxide used in polishing) is subject to continued 
wear and it has also been imagined the zmc becomes as it weie burnished into 
the suiface of the non But it may happen that when moistuie is occasionally 
piesent that the worn paits are then continuilly le zinced from the neighhouimg 
paibs as explained by the cuiious fact now to be noticed and which on its dis 
CO very excited gieat suipi iso 

I he edges of some gahamzed iron plates cut with shears so as to expose the 
central non when attached to the piles of the Bell Rock Light House foi the 
purpose of experiment became zinced aiound the cut edges and at the holes 
wheie the nails were diiven and it was also observed that even the nails and 
fastenings made of un galvanized iron became zinced from their proximity to the 
galvanized sheets By the same action the holes peifoiated through the sheathing 
foi nailing it to the ship s sides become coated and the zinced wires of the 
Llcctiic lelegraph where cut through become coated by the action of the ram 
water on the galvanized portion of the suiface 

Note Z page 308 — To precede Section II 
{Pm taUe h ass fm nace ) 

Since the foregoing pages weie punted Holtzapffel L Co Imo oonbtiucttcl 
poi table brass furnaces made of the hexagonal form in sheet iron lined with 
Stoui bridge clay and fitted with cast non pedestals tiles and stout sheet non 
pipes complete so as to be elected on any level spot of giound and if near a dead 
w ill so much the better 

Ihe smaller sized of these an furnaces seive for about 10 pounds weight of brass 
or copper, and a laige fuinace on the same model will melt 20 pounds when 
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favourably managed tbey bave been made liot enoiigb. to melt cast non These 
fi riiaces have entirely superseded the little blast furnaces formeil} made for the 
portable foige shown on page 203 of Vol I 

Koto AA page 3< 4 — To follow the last Foot Note 
{Berlin method of mouldmf/ delicate complicated o^rcts) 

One method said to be followed by the Beilin founders for producing compli 
c ite 1 sub 3 octs such is a bouquet of flowers is to dissect the object to be moulded 
into small paits which may be straightened out or moulded separately and cast 
in fusible metal 

Having cast all the paits separately in soft fusible composition these parts 
are then bent into the natural forms and a synthetic opei ation is commenced or 
that of putting tne pirts together again by means of soldeiing and tying together 
by Wilts When the whole object has been in this waj built up it is embedded 
in the mould (with piopcr precautions for the escape of air) the mould is heated to 
illow the fusible metil to melt and eseape and the non is run in by a descending gait 
w Inch eiitei s the mould it its lowest part and the duid metal carries up any inipuri 
tics on its surface expelling the air as it rises through the vents Johnl ohmn 

Koto AB page 421 —To follow the paiagraph ending wax is geneially used 
{Flrndfoi hihumtmg di aio plates employed m India) 

The liibiicatmg matter foi facilitating the slipping of wiiethiough draw plates 
IS pci haps not a mattei of indifferent choice the Hindoo Sonars who aie noted 
f<i then dextciity in chawing gold wiie unifoimly use CaUo'i oil which they 
dlcjgO pi events wisto of gold by fiiction bii John Jiobi on 

Note AC page 410 —To follow the paragraph that piecedes Section III 
(1 oxall s patent Method of i aiding m sheet metal ) 

Notice of the patent gianted to Mi Ihomas Foxall Giiflith of Biimmgham foi 
iinpi ovoincnts m stamping and sh ipmg sheet metal 1 cb 1816 

III the pii 1^1 vph to winch this note follows as an appendix it was stited that 
woils liavuit, lofty md pcipciidiculai side such as jelly mo ul Is could not be 
pi (K luce d by hfcunjuiic but this difficulty his been vciy clevcily overcome undei 
the loeeiit pitcnt ibo\e cited in which the pioccsscs of st imping and that of 
1 unuhliino to form oi b] inning iic Huceessfully alternated Quoting the words of 
the HjKeilieition Uiopiteiiteo obsci\es — 

1I( iclot )io Hhcet met il has been i used by the simple act of stamping in dies 
by 1 using ind loiliiit, fill i succession of foices ind the process of bmmshing to 
louii luH been c imbmed with the oi dinar y process of st imping whcieby sheet 
niotil hiving been i used as far as possible in dies by the pioc bscs of stamping the 
hhipmg has been complotod by the piocess of buimshing the st imped uticles on 
chucl B in ibtlu and to securo such last montioned combined inoeessos letteis 
patent wiio gi inkd on 16tli I<biuuy 1834 

* In shiping sheet mitil by st imping is heretofore piactised the sides of the 
u tieloB depend mati 1 1 illy foi the height o £ tin i using on the sti etching or extend 
mg of the metal and to this end tin mclil it the oiitci ciicumfeience is supported 
tin nighouf tlu pioei ss of htauipin^ by i pi op eting 11 inch which lesfcs hou/ontally 
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on tlie uppei siuface of fhe dies such flanch being progressively i educed and tbe 
metal thereof stretched or extended so th it from the bottom to the uppei edge 
the thicl ness of the metal is brought thinner and thinnei which is objectionable 
At the same time owing to the severe treatment to which the sheet metal is thus 
subjected it lequires to be more often annealed m older to prevent its suffeiing 
mj ury by the successive processes of stamping and such is the extent to which 
the metal is stretched or extended by raising accoiding to the old practice that 
the dibl or blank of metal employed £oi laising a vessel of a few inches diameter 
to a considerable extent is only about thiec qu alters of an inch laiger in diameter 
thin the finished lessel raised therefrom by stamping Wheieas according to 
my invention the blank or disk of sheet metal used foi making any paiticular 
aiticle Vi hen the sides tliereof are ujiiight is of a diametei of about the diametei 
of the vessel oi article added to the depth of the \essel thus supposing the 
vessel or aiticle pioduced by stamping in i die be six inches m diametei and 
thiee inches deep then the die or blank of sheet metil would be about nine 
niches diameter and the article when st imped therefrom if it be cut through the 
ides and bottom all parts would bo found as neaily as may be of the same thick 
ness and that thicl ness the thicl ness of the original sheet metal 

The figuies A to G reduced fioni the specification show the several foims 
which would be given to the i\oik originally of the diimetei aa by the employment 




ot i die such as fig 974 with a second point of beiiin^ \t hb iht sueeessivo foitcs 
oi top dies th it aie tmploj ed being so sli »] ed is to ] eii only c n the bottom ol the 
Vessel so f 11 i the d (3 b^j lud not on the loj^ lu^^ ul 1 y which ehoino th© 
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edge Ih fulfils in great measure the purpose of a draw plate such as would be used 
for drawing cj Imdrical tubes 

After having been progressively stamped to the contour of Gr the woik is bur 
nished to foim on a chucl such as fig 977 The work is then again stamped in the 
second die fig 975 then burnished on the second chuck fig 978 and is aftei wards 
struck in a third die fig 97 6 and then burnished on a third chuck fig 979 to make 
the metal proceed through the stages H to L of course the woik is occasionally 
annealed as will be explained 

Fluted woiks such as N are fiist raised nearly as cylinders with bottoms to the 
shape of L bj the inteimittent stages alieady explained and the burnishing to form 
is then di continued The flutes require the use of two oi more pairs of dies and 
forces m which the flutes aie gradually developed but which tools have not been 
represented In the fiist pair of tools for the object IST the flutes aie shallow and 
the die a little bell mouthed m the second pair the flutes are of the full depth and 
as fiom the sides being almost perpendicul ii or exactly counterpaits of the bin 
nished object N the piece when stiuck holds fast in the die the latter is perforated 
and has a central i ammei which is laised by a side level to foice the finished 
woik out of the die these paiticulai^ aie all minutely explained in the speci 
flcation 

The vessels when cut throu h picsont a nearly umfoim section and which may 
be thus explained as i ogai ds the cy Imdi ical vessel If the disk of 9 inches diameter 
could ha\e its miigin folded up without pud eiing it would have a iim of inches 
hi^h the upper edge being of twice the primary thicl ness as in fig 271 page 400 
bub the sti etching fiom the dies causes the height of the sides to become 3 inches 
and theiefoie this tapeiing thickness is gradually diawn out as m tube drawing 
to constitute the inci eased height 

In pi oof of the complete efificacy of the mode it may be stated that vessels may 
be thus made in sheet iron (known as chai coal iron) a material far less tiactible 
than copper and brass Great difficulty was experienced in carrying out this alter 
nation of the two processes of stamping and burnishing to form when working with 
iron owing to the scaling or oxidabon of surface which resulted from the annealing 
and which roughness tended to pi event the employment of burnishers This diffi 
culty was after various trials obviated by annealing after the method practised in 
annealing articles made of malleable cast iron (see pages 259 260 ) m which 
case tho ductility and tenacity of the sheet iron aie pieserved and that with a 
suifico quite unimpaiied by the filing The patentee prefers foi the annealing 
mixluie one p ait ot pulverised ironoie added to eight of coke or lime and he 
gives the xiicfciuice to thit iionoie which has been once used foi annealing 
cast lion 

bo completely successful ai c the combined pi ocesses that extinguishei s have been 
thuHi used fiom louncl di ks of sheet non and of comse without a semi the method 
ol Ht imping with dies hiving tfie bevilled mouth and shouldci h b fig 971 enibles 
vessels to bo laiscd much higher tlnm by any other method of st imping even when 
bui nisfiing to foi pi is not emjiloyed in connection with the stampint 3 


Note AD page 431 — To follow the fiist paiagiaiih 
hi ass fin locoMotiu engines) 

S(inc of tho bi iss tubes foi locomotives ai o made cyhndiicil without and a little 
i i| 01 within tho jn^-tal foi thepn isci&t hollow apdd^ iwn on a tipoi tublot thiough 
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an ordinary phte The thick end is placed near the fiie box that the tube may be 
the longer m wasting away from the action of the file and also that cindeis capable 
of entering its smaller end may readily escape at the largei 


Kote AF page 431 — To follow the second paragraph 
{Hand s Patent Colla^siUe Tubes ) 

These thin tubes are closed at the one end by a convex disk with a projecting 
sciew the sciew being peifoiated for the expulsion of artists colours or other 
matters inclosed m the vessels They were first drawn as tubes as described m 
the text and the ends were cast and soldered m but the entire vessel is now made 
by means of only two blows in dies of appiopriate kinds 

By one blow of a screw press a thick cncular disk of tin of the external diameter 
of the intended vessel is punched out made concave and perforated with a central 
hole somewhat like a washer for machinery 
By a second blow the blank oi button is converted into the finished tube The 
bottom tool is a mould with a shallow cylindiical cavity of the same diameter as 
the button of tin and terminating in a hollow screw the upper tool is a cyhnder 
exceeding the length of the tube and with a small tapei spindle of the diametei of 
the hole fihe cylinder is just so much smallei than the mould as to leave an 
annular space equal to the intended thickness of the tube The very soft ductile 
tin when submitted to gieat pre sure in the contracted space within the mould 
follows the laws of liquids and may be said literally to flow tbrou^^h the annular 
crevice and up the cylindiical mandrel as indeed the foimation of the tube appears 
to be instantaneous and is a beautiful example both of true principle and accurate 
workmanship in the means employed 

The tube is released from the mould first by the ascent of the cylinder which 
leaves the tube behind and the screwed extiemity of the mould is then dnven up 
by a ram and lever from below and the screwed dies being divided on their 
diameter instantly fall away from the vessel thus elegantly produced by a mode 
which was only attained after repeated variations in the process respectively se 
cured by patents Small tubes are thus made in scrqw presses and laige tubes m 
hydrostatic presses of proportionate strength 


Note AF page 433 — To follow the third paragraph 
(JJlay ^ 3 ? o'ps used by the Asiatics instead ofhiudmy wiie in solcleTiny ) 

The Asiatic goldsmiths seldom use binding wire foi light work they have always 
beside them a little dish of a tempered mixture of clay and sand or powdered buck 
with little poitions of which they form connections and suppoits for the pieces they 
mean to solder togethei Thus if two tubes have to be joined in the f oi m of the lettei 
T (inverted whilst being soldoied ) they fiisi waim the lowei piece and then dab on 
a little at a time of the mortar (leaving the joint clean ) until the inclined pi ops 
of the clay run high enough nearly to touch the upright x)iece which being warmed 
and set m its place the connection is completed by a furthei addition of the moit xr 
which when heated ovei chaicoal becomes quite firm and suppoits the pieecs whilst 
the soldei is running, even in woiks of pietty consideiable si^e Sii John Robim 



978 


APPLNDIX — NOTES AG^ AND AH 


Note AG page 444 — To precede Section lY 
{Pumice stone 'used ly Dentists instead of Clia'icoal a supjm t in soldu inrj ) 
Dentists are mucli in the hnbit of using a lump of pumice stone as the support in 
s )ldeiing the gold wirl to which artificial teeth ire attached The pumice stone is 
usually filed or rubbed to a flat surf ice and the woik when laid on this mcomhus 
tible support and subjected to the iction of the blowpipe receives a more moderate 
heat than when laid on chai coal which latter suppoi t is less com enient as it 
1 )sos its foiin fiorn burning continually away and because at the same time owing 
to its combustion it reveiberates more heat than is required by the dentists for 
then particulai puipose 


The folloumg JS^otes in the Appendix lefei to the Second Volume 


Note AH page 482 — To piecede the last paragiaph 
{^dcod and Lo lies Patent Planes O') Jo me) 6 <&c) 

Subsequently to the foregoing matter on pilanes having been punted Messis 
Silcock and Lowe of Bn mingham took out a patent in January 1844 for various 
1 mds of bench planes con tructed m gioat pait of malleable cast non Several 
of these planes are figured and described in the Mechanics Magazine for 1844 
pa^es 81 to 86 to which the reader is lefeiied A few lines are however extracted 
nearly veibatim for the convenience of those leaders to whom this journal is not 
accessible 

The Ji'ist of these planes is ceitainly a \eiy remarkable instrument It is a 
double fillister plane which is so constiucted that it is capable of filleting boards 
of all sires fiom about Iths of an inch to about 3 inches and may be adapted to the 
several pui poses of a fillctmy plane a side fdliste) a sash oi bad filhstci and a sJ ewed 
) abb et plane 

When this tool is to he used as a filleting plane both the right and left side 
planes are combined together and fixed at a distance from each other correspond 
ing to the bieadth of the fillet To use it as a side fillister the left side plane only 
is lequiiecl with a stop inseited into an ax)propriate lecess When it is to he used 
as a sash oi back fillister the light side plane only is emiiloyed hut with a slight 
modification m the figure of the fence 

To use the tool as a skewed rabbet plane the right hand plane with its chase 
ind fence are laid aside and the left hand plane only is employed 

All the paits aie of cast iron piotected by tinning or /mcing from coiiosion 
with the exception of the stud and the handle and body of the fence which ire 
of wood and with the exciption also of the screws the cushion of the tiavellmg 
SCI GW and the sliding nut which are all of hi ass 

Ihe fore and hack parts arc cast in one piece The wood of the handle is not 
cut icross the gi iin as usuil but with the fibres lunmng in i dnection at light 
ingles to the body of ihe plincs wheieby a considerable mciease of stiength is 
gamed 

The second instrument desciibcd is a fluting oi cpooviny plough In this tool 
the body is wholly of metal but in all othci icspocts as rc^aids the materiils and 
mode ol putting them together it possesses the same pecuhai ities as the double 
fillister plane first desenbed 

Ihe thud mstiumcnt is i dado fpooiing jdanc, with which no less thin sixteen 
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ind more diffei ent sizes of work may be e\ecuted the foui th instrument is a ti ymg 
suitable both foi lough. and smooth work the fijth and last is a moulding or 
head jdane The explination of these peculiai tools cannot however be conveyed 
without exceeding oui limit of space and the mtioduction of numerous figures 
In addition to the foregoing patent planes constructed principally in metal the 
patentees manufacture ill the oidinaiy wooden bench planes with sciews toi fixin^ 
the non instead of the wedges driven by the hammer 

hTotc AI p ige 487 — To follow the thud paragraph 
(i// Luiidh Sc7 eio I outei Plane) 

Ml Win Lund has constiucted the routei fig 341 pa^e 487 with a screw 
adjustment to the cutter as it is mostly necessaiy this should be set giadually 
deepei as the woik pi ogresses When i similar but smaller tool is fitted with a 
peipciidiculai cutter he finds it very useful m i educing the level bad giounds of 
small ivoiy caivmgs in bas lelicf in which case a maigin is left iround the sub 
ject if only as a temper xry guide for the i outei to run upon 

Note AJ page 488 — To follow the list pai igiaph 
(ID Palconci s Imjnoiul Cnculii Plough) 

Ml Talconcrs plough lewardcd by the Society of Aits in the Se siou 1846 pie 
sentb m my points ot improvement on the bnidm^ plane by Mi Onwin dcsciibcd 
ni the text The pi in iples of the plough fi^ 3 5 pige 480 are iicaily f dlowed 
but iiiste id of a viiicty of tcnccs being used some concave otlieis conxex the new 
instiumont has a flexible sled fence atticlnd to the plough by two stays which are 
j lilted to the ends of the elistie fence whilst to the centi il put ot the sime is 
Jitted X seiow idjustmcnt so tint the one fence mij he made to assume any 
lequiied euivituie eitliei convex oi conex\e xnd ot eouise the ii^^ht line also 
lilt wi libs oi the ejioovos aie detci mined as usual by those of the cutteis u hieh 
lie piuMded with double ^ omted se )iers oi nicl eis foi euttm^ thiou^h such ot tho 
lilies oi the woil as ho ti xusveisely xnd would otliei wise be tom up Iheenbiie 
e msti notion of this eiieulai plough is veiy judieious and complete xnd the tool 
mxy be eoiiHideicd is gieatly iuipio\ud on those previously used foi this pin pose 


Notes AX AL and AM — To follow the last line of p'lge 495 
(J\^oleAI{^ Ml P) an! hub ^ci tio Bcmh llool foi Ca,i ^luitei s ) 

A &C 10 W bench hook foi carpenteis intended to supeisode that shown at a fig 3 3 
page 494 was invented by Mi 1 E Fianllm of Pm ton Wilts and published m tho 
iiansictions of the Society of Arts for 1840 vol 53 p 9^ ihere is x metal 
sheath oi sod et fitted to the bench within which an non bxr with a side spring 
slides up and down undei the guidxnee ot an adjusting sciow below the squ ire bar 
e lilies two or more steel teeth foiined as a sepxiato piece and bciowed on riio 
eontiivanec xlthough quite olleetne is i ithei expensive foi oidmary use 

Noto AL — To follow the xbove on pxge 495 
(i/; Dt JJcaafoith Vice oi Stop foi a Joiiici s Bciuh ) 

1 it,s 978 xnd 979 represent the vice oi stop Coi a joiiiei s bench ioi whidi Mr 
H D< Jxy D( T eiufoit ot ImioCXiix leeeived the lewiul ot the S)eiety of Ait 



wood w placed on edge is inserted between them it catches between the tails of 
the levels and separates them until the piece is grasped also by the othet ends 
of the same levers and therefore at two places at once as seen in the plan fig 9/9 
The levers are about one inch thick and the tail of the one is thinned to entei a 
cleft on the othei as distinctly shown in fig 978 to adapt the vice to veiy thin pieces 
and the levers being mounted on chamfered slides may be fixed wider asunder foi 
veiy thick pieces See Transactions of the Society of Aits vol 53 page 86 

Note AM — To follow note AL on page 495 
(ilfj NicholU Stop or Clamp foi a Joiim s Bench ) 

Fig 980 IS a perspective view and fig 981 a plan of Mr S Nicholls subse 
qiient contrivance for the same purpose and re^varded by the same society in 1843 
Two inclined and undercut slips of wood a a are firmly screwed to the bottom 
board and between them are loosely fitted two pieces I h nearly counterparts of 


Figs 980 981 



a a but with projecting fillets at the end "When the boaid w is in eiicd betv^een 
these loose jaws or chaps thej are thiust foiwaid until they leach that conti acted 
part of the angulai gap which compi esses thorn fiimly upon the board to be fixed 
This mode serves foi a much gi eater range of size in the pieces fixed than 
the last and the straight faces of the jaws do not indent the worl s is may happen 
when soft woods are clamped in the vice shown in figs 978 and 9/9 Sec Tians 
factions of the Society of Alts, vol 55 pige 42 
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Note AN page 504 — To follow the paragraph commencing The Scale board Plane 
(Messis Ubdaile and Mat g) me s Scale hoaid Machine) 

The scale board machines nsed by Messrs Esdaile and Margiave at the City Saw 
Mills London has a wide cast iron slide plate that works freely in chamfer bars 
elevited on framewoik about six feet above the ground the power of the steam 
engine is applied to the slide by means of a stout leather strap oi rathei by two 
stiaps foi the to and fro movement but one is always out of action and loose 
The slide IS perfoiated for a cutter upwards of one foot wide placed beneath 
the slide and inclined hou/ont illy about 40 degrees as a skew rebate plane but 
the pitch of the iron or its \eiticil face up which the shavings slide has only half 
the inclination of the horizontal or about ^0 degiees 

The log of wood which is prefened wet on account of its supeiior elasticity in 
that condition is held down by heavy weights whilst the metallic phne slides 
beneath it ind shaves off in an admii able manner one single shaving the thickness 
of the same is determined by the adjustment of the cutter which is principally 
held by wedges 

Messrs Esdaile and Margrave recently patented the employment of three cutteis 
situated as above but one behind the other to remove thiee scale boards in imme 
date succession the scheme was effectual in its action but in the end less econo 
mical than the single cutter — and which must be moved by a strap or rope as 
althouj^h racks and iron chains have been tried they fail apparently from the want 
of sufficient elasticity 

Note AO page 505 — To follow the second paragraph 
(On Machineb for Planing Wood ) 

Of the ni ichines for producing works in wood similar to those usually accom 
plished by hand planes several hive been constructed to act by means of cutters 
having circul ir motion Th us in Paxton s machine various circular saws or cuttei s 

of different diimeteis and foims are pi iced on one siundle beneath which the sash 
bai IS ti iversed In machines for planing mouldmc^s fi oni 2 to 8 inches wide for 
house jomeiy pictuie frames Ac two figured cutteis of the entire width of the 
moulding aio screwed to a rectangular block fixed on the revolving spindle by 
which means the cutters are piesented at the pioper pitch or inclination of 60 or 70 
degrees to the face ot the moulding Cncular cutteis v ere also used in the earlier 
experiments with Burnett and Poyer s michino some of them with only 4 5 or 6 
edges or teeth constiucted veiy nearly on the principle of ordinal y plane irons 
But cncular cutters were abandoned by Messis Burnett and I oyer from two 
motives the first the difiiculty of constructing and sharpening them and secondly 
that notwithstanding the rapidity at which the cutters might be dnven they still 
left marks upon the work because theie is a distinct though small interval of time 
between the passage of the one cutting edge and that next following and during 
which small inter\ al the uninterrupted advance of the woik allowed certain portions 
to be less reduced or left as little hills and ridges slightly above the geneial surface 
The wood only becomes absolutely smooth when its tiaveise is so far diminished 
tint one point of the cuttei (or probably the highest point of the entire series ) is 
enabled to touch eveiy individual poition of the work and which requnos a much 
gi eater reduction in the feed or tiaveise than might be expected thus mostly 
leaving something to be smoothed off or lemoved by hand tools 
Mcssis Burnett and Poyer from these circumstances ultim itcly i ejectcdi ovol\ ing 
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in favour of cutters and thus in plining mouldings they emplo;^ ed a stool 
•which contained from tvvehe to twenty cutteis every ouo figuied and secured by a 
separate wedge so that the first cutter penetrated but little into the moulding and 
that eveiy succeeding tool remoaed a shai ing of its own all the cuttei a gi idinlly 
assimilated m 010 and more to the la t of the senes which was shatpened exactly to 
the form of the mouldiii IJndei this aiiangement the machine was enalled to 
work mouldings in pine wood at the enoimous \ elocity of 70 lineal feet per minute 
and still the work had all the smoothness of that produced by the joiner s hand 
planes as usual 

Note AP page 50 > —To follow the foimei note having the sime reference 
{M'i Antonio Maya s Patent Splint Oatirng Machine ) 

The production of an article of apparently minor importance has led to the 
invention of a very effective and impoitant machine allied to the planes namely 
the splint cutting machine for cutting the wood for chemical matches 

It IS necessary to premise that when these useful matches were fiist mti oduced 
they weie mere shaving cut fiom blocl s of deal by the phne pieviously used in 
preparing the chips of willow and other woods from which ladies bonnets aie 
woven Ihis plane had at the front a senes o± lancet lil e 1 ni\ es which scored the 
wood in shallow paiallel furrows and immediately behind the 1 mves was fixed an 
inclined plane non of very low pitch which cast off a shaving thus producing 
several splints at once fiom the edge of a hoard about one inch thicl 

When the same silint plane was used for the stronger and less flexible matches 
nearly one tenth of an inch square now used the splints weie found to be biokeii 
or disrupted in then fibies by the comp natively abrupt angle at which they weie 
removed from the blocl of i\ood notwithstanding that the plane had a veiy thin 
iron sole and a cutter of veiy low pitch This defective a tion of the hind plane 
led to the invention of Mr Maj ei s P itont Splint Cutting Machine used exclusively 
at the celebrated worl s of the Messrs Esdailes and Mai grave of London 

The splint cutting machine has a metal slide which travels paiallel with the 
giound but m a vertical plane by means of a crank and connecting rod that give it 
bO stiol es in a minute Ihe slide caiiies first a series of 30 lancet likekniies halt 
sloped on the uppei surface the other half on the lo'W er these penetiate the wood 
about one tenth of an inch and aie immediately followed by the cuttei or plane 
lion the bioad flat side of which rests diiectly against the wood to be cut (no sole 
being used ) the edge of this 1 nife is very much inclined namely to 70 dcgiees and 
IS giound with a i eiy long bevil 2 inches wide giving to the edge the acute angle 
of 12dtgieos and which combined with the gieat obliquity of thel info causes the 
splints to be only bent fiom the wood at the insignificant angle ot about 1 digiccs 
so as to be entiiely removed by cutting and not by ^jlitting or lendiiij^ 

The wood used foi mal mg the Sj lints consists of w hole de ah 1 0 inches wide 
3 inches thick ci oss cut into blocks u inches long Thiec of these blocl s are pi aced 
together constitutmt^ a len tli of 15 inches sufficient foi six si huts oi matches 
and as there aie thuiy lancet 1 nivos eveiy tiaveise of the machine pioducis 
IbO splints this at 60 strokes a minute mal es 648 000 an houi or b 480 000 in a 
day of ten hours Theie aie two such machines constantly at woik and these not 
withstanding the aieiarje pioduction of each is upwards of thice millions ol splints 
a day furnish another proof that m some processes machmeiy cannot ovcipowci 
hand laboui as the laigei piopoition of the splints used iii this couiiti} ai e ne\ ei 
theless obt lined from the hand cutteis and foieign import itions The hand cut 
splints although cheapoi aie mfeiior to tho e cut by the machine incqutsti )u 
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Kote AQ page 533 —To follow tlio last line but one 
{Oiigt indinj some of the tools foi tm ning 17 on ) 

■\Vlien tbe tools 431 or 43'’ p SS'’ are u ed in both directions that is if some 
times moved towaids the right hand at othei times to the left it is then necessaiy 
the chamfer 01 uppei f ice of the point should be ground square across to serve foi 
either direction of motion But when the tool is used exclusively from the right 
hand towaids the left the chimfoi hould be so gimnd that the left side is the 
higher as this fiom bem^ then the enteiing angle of the tool woil s much moie 
fieelyfiom being sloped some oO degices fiom the hori/ontnl is alieidy explained 
On the veiy same punciide an ofhcicnt side cutting tool foi irc n to be used in the 
shdeve^i isdaivedfiomthetiiangiilai tool page 5^1 and lepiesented m tliioe 
views in the annexed figure 982 A bar of steel is diawn down at the end to about 


□ 


rig 9S2 


3 


V. 


X 


half its thickness the width 
rather the vei tical height 1 emammg 
unaltered this iiaii ow partis cham 
f ered on its outer f ice so as to 
be a little inclined from the pei 
pendicul ir and is then ground on 
its upper suifice to mal c a iidgo pai illol with the side of the tool The ridge 
which is sloped ibout uO fiom the hoii/ontil is sometimes on the right some 
times on the left is the too s aio made in pins and as they will leadily remove 
a shaving an inch 01 mo e wide i cylmdei of six inoho diamctei miy be lednccd 
to foul inches 01 less at one cut 111 a lithe having piopoitionito powei 


Note AR page o 8 To lolloi; the pnagi iph ending foi j^eiiei il put poses 
{0 i lid } II (fnig n i(d ti 1 11 nig tools w Ik 7 (tfo ) 

Whin witcr is usul foi lubiicatin^ the tools in tinning non with hand toe Is the 
most simple pi in is to dip the tool oce isionilly into a smill vessel contiimiij^ the 
fluid A moio efieciual way cmpl lycd in tuuiiii^ by hand 01 with tlie hlido nst 
IS to make a Hiinll mop of a lut of ng surrounded by a loop of wiic the ends ofc 
which iro twisted togcthci to foim a handle as in a bottle brush with which the 
woik IS occasionally moistened 

In tuimng with the slide icst 01 self acting lathe practicil men often fix a diip 
can to the slide lest that the w iter may fall on the woik close by the tool or m 
the best mode a flexible hose is used tint loads fiom a cistein ibove the disch ii ge 
of water being 1 C guhmd by a small tip Ihose two modes iiqune tint mot il 
pins should be ]>1icg<1 bent ith tin worl to catch the witei tint runs awiy ind 
also th It some vit,ainQe shoul 1 bo excited to 1 cep the liihcs fiom becoming lusty 

Notes AS A r AU and AV —'1 0 follow the I ist Imo of pa^o 5^.8 
{On till Pi inoipU^ of loots foi Pm ning and 1 lanmg Mttah ) 

I ho formation of the tool u cd foi tmnin^ and phning the meiils is a sub) < t 
of viiy gieat impoitaiicc to the pi iclicil encineci as it is indeed only wlun flu 
matliGunticil piineiph s up )n whuh such tools act aio closely followed by tlu 
woilman tbit they piocluee thou best efleds With a full comidion of tlit 
acl\ lilt i^es wlnclncsult when ilieoiy ind piaetico aio thus issoeuLed the aiithoi 
hifotocfiigiiiuliteluinsclton bcin^ able to piescnt tihuicideis two onginil 
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papers respectively written on the subject of the principles of tools foi tmmug 
and planing metals by Chailes Babbage Esq FRS &c and Pi of essor Willis 
AM rPS &c both, distinguished by their high mathematical attainments and 
their intimate practical experience in the use of tools 

Note AS — (Pape? on the Pi maples of Tools for Turning and Planing Metals ty 
Qhai les Babbage Lsq FRS tc dc) 

Steel of various degrees of temper and under various forms is almost univei sally- 
employed for cutting metals Before deciding on the forms of the different tools 
it is desirable to inquire into the principles on which then cutting edges act and 
to assign special names to certain angles on the relations of which to each other 
and to the metals upon -which they aie used then perfection mainly depends 

In fig 983 c is a cylinder of steel or other metal and T is a planing o" turning 
tool acting upon it at the point a A c is a horizontal line passing thiough the 
center c and the cutting point a B a is a line pas mg through the cutting point 
a and alon the upper plane ha of the cutting tool T C a is a lino pa sing 
through the cuttmo^ point a and alon^, the front plane e a oi the cutting tool 
D a is a line from the cutting point a at right angles to the radius c a 

The angle D a C may be called the angle of relief because by increasing it the 
friction of that face of the tool upon the work is diminished 

The angle C a 6 may he called the angle of the tool 

The angle B ct A may be called the angle of escape because the matter cut away 
by the tool escapes along it 

The forces to he overcome in cutting a thm shaving of metal fiom a cylinder 
or fiom a flat surface are of two kinds 

1st It is necessary to tear along the whole line of section each atom from the 
opposite one to which it was attached The force required for this purpose will 
obviously be proportioned -bo the length of the cutting edge of the tool and depend 
ent on the nature of the metal acted upon But it will be quite independent of 
the thickness of the part removed 



2nd The shaving cut off by the tool must in order to get out of its way be bent 
or even curled round into a spiral This second force is often considerable and 
when thick cuts are taken is usually far larger than the former force If the bend 
mg were of small extent then the force to be exerted would vaiy as the square of 
the thickness of the shaving multiplied by some constant, dependent on the nature 
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of the metal operated upon But the bending very fiequently pioceeds to such an 
extent that the shaving itself is broken at very short intervals and some shavings 
of iron and steel present a continued senes of fractures not quite running tliiough 
but yet so complete that it is impossible even with the most caieful annealing to 
unwind the spiral This partial severance of the atoms in the shaving itself will 
requiie foi its accomplishment a considerable exertion of force The law by which 
this force increases with the thickness most piobably embiaces higher powers than 
the first and second and may be assumed thus 

foice=a + 5 t-^ct + 

For the piesent illustration it is unnecessary to consider moie terms than those 
aheady more paiticularly expUinod namely the constant force and that which 
vanes as the square of the thickness of the shaving 

If theiefore t be the thickness of the shaving and A and B two constants we 
shall find amongst the forces requiied for the separation of the shaving the two 
terms 

A + Bi 

where A and B depend upon the nature of the metal acted upon 

We may leain from this expression even without being acquainted with the 
values of the constants A and B that the force required to remove the same thick 
ness of metal may vary considerably according to the manner in which it is effected 
For example If a layer of metal of the thicl ness of 2 25 is to be removed It 
may be done at two successive cuts and the force requiied will be equal to 

2 A + 2 B^ 

But the same might have been accomplished at one cut when the force expended 
would hive been 

A + 4 Bi 

Now the foice loqimcd for the two cuts will always bo less than the force 
requiied foi making one cut ^ 

A 

Foi let i =~^.^ then 
2B 

Force for two cuts =2 A + 2 B^^ + vj=3A + 2B? 

I 01 ce for one cut of twice } . v r,/ A. \ 

the tlmkncss j = A f 4 A + 4 B v 

which fonnei is always smaller than the latter force 1 y the quantity 2 B v 
In the same mannci it may bo piovcd tint if 

. A A 

t >—01 t 

it will always reqnne less foice to make n sepaiitc slices than to cut one slice of 
n times the thicl ness for 

I o,ec for « shoos n 1 1) A + ji 1 v 

lolue Coi UK slice of ^? ) /A N 

times tlio thickness ( ^ ^ -\1) A. + n B 2 ; 

which foimoi foice is xlways less than the lattei by the quantity of ( 2 ? —n) B 
lilt in le ol relief shoull ilways be vcij sniill btcuiso the point a will in I hit 
case have its suppoit nearly in a line diuetly opposed to that ioieo aetiiig upon it 

a s 
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If a tool eithei foi planing oi for turning is defectively formed or if it is pi e 
sented to its w ork in such a manner that it has a tendency to dig into it then a 
veiy small angle of relief in addition to a long hicLae will m some measure 
counteiact this defect 

J he smaller the angle of the tool the less will he the foice necessaiy for its use 
But this adiantige of a small angle is counterbalanced by the weakness which it 
pioduces in the iippoit of the cutting point Pheie is also another disadvantaj^e 
in making the angle of the tool smaller than the escape of the shaving reqniies 
for the point of the tool being in immediate connection with a smaller mass of 
metal will not so quickly get rid of the heat it acquires from the operation of 
cutting as it would if it formed part of a larger mass 

The angle of escape A a B is of great impoitance and it vanes with the nature 
of the matenil to be acted upon If this angle is very small the action of the tool 
IS that of scraping rather than of cutting and the matter removed approaches the 
form of a powder If however the mateiial is \ery flexible and cohesive in that 
case shavings may be removed The angle I have found best foi cutting steel la 
about 27 but a senes of experiments upon this subject is much requned 

Aftei the form of the cutting tool is decided upon the next important point to be 
considered is the mannei of its application Ihe principle which is usually stated 
for turning tools is that the point of the tool should he neai ly on a level with the 
axis of the n attei to be turned or rather that it should be very slightly below it 
d his rule when applied to the gi eater number of tools and tool holders is calculated 
to mislead Before applying the coiiect rule it is necessary to consider in each tool 
or tool holder what is the situation of that point aiound which the cutting point 
of the tool will turn when any force is put upon the tool Let this point be called 
the center of flexure Then the coriect rule is that the center of flexuie should 
always be aSo-yethe line joining the center of the work and the cutting point 
On looking at fig 983 A c is the line joining the cutting point a and the centei 
of the work c By makiug the tool weak about Q that point becomes the center on 
which the point a will bend when any unusual force occurs On the occurrence of 
any such unusual foice arising fiom any pm or point of unequal density in the 
matter cut the point of the tool a by bending around the center Q will dig deeper 
into the work and cause some part of the cippaiatus to give way or break 

If on the other hand the point P is that around which the point of the tool 
when resisted tends to tmn then since this point is above the line joining the 
cutting point and the centei of the woik the tendency of the additional strain 
on the point is to make it sink less deeply into the woik and consequently to 
lelieve itself fiom the force opposed to it 

Foi tunately the position of this point can always be commanded foi it is always 
possible by cutting away mattei to make one particulai part weak This is 
indeed a ciicum&tance too frequently neglected in the construction of machmeiy 
Eveiy piece of mechanism exposed to considerable foice is liable to fractuie and 
it IS always desiiable to direct it to break at some one paiticulai point if any 
unexpected strain occm s In many cases where danger may arise from the intei 
ference of the broken pait with the rest of the machinery this aiiangement is 
essential In all cases it is economical because by raal mg the bieaking if it 
occm at a selected spot piovision may bo mide of duiilicate parts ind the delay 
arising from stopping the machine be avoided 

The results of the pieceding inquny would lead to considei able changes in tlu 
foi ms of tools geneially used m cutting metals and is the time tinplojed m taking 
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a cut IS usinlly equal whether the shaving be tl^ick oi thin the sa\ in^ m j owei 
by tal ing thin cuts sepat itely would be acoompamed by a considei ible evpense of 
time d his however need not be the case if propei tool holders are emplo;jed m 
confoimity with the following sever il conditions thus 
The toolholltis should be so contrned as to ha\e seveial cutter successively 
iemo\ing e|uil cuts — Ihe cutting ed es should he easily adjusted to the woil — - 
dhe stool of which the cutteis are toini d should be of the best kind and after it 
IS once hii lonod sb wild novel a am be submitted to that process — The form and 
position of the cuttoi should bo such that it may when broken or blunted be easdy 
gioimd hiMiij^ but one oi at ihe utmost but two faces requiring minding — It is 
dosii ilih that when bomg gr )und it should ho fi\ed into some tem[)<)i uy handle in 
01 del tint it nuy always be ground to the same cutting angles — The cutters shoul 1 
ho \eiy Bocuioly hut ilso vuy simply tightened m then places —ihe centci cf 
flexure of the cutter should in turning be above the line joining tho ceutei of the 
work and the cutting point —whilst in planing the centei of flextuie should be iii 
adiatKOol i line perpendicular at the cutting point to the surface of the work 
phnid 3 xamples of some tool holders of this kind will he given subsequently 
Tho effects of such mipioved tools would be to dimmish gieatly the stiam put 
upon Uthes lud planing mxehines and consequently to enable them to turn out 
better woil m the same time and it a less expense of powei whilst the machmea 
tlumaehtsHo ustd would letim their adjustments much Ion gei without leparation 

Note — lo follow Note AS at foot of pagi 538 
{I/ie authu) i d^s iij tio)i of looh and 7 0 )l hohias foi fuming and planing nuial 
const) uUtd by G Ikibbaqi Liq PMS) 

In the eouTse of the investig ition which led Mi J abbige to write the foiegom^ 
pipti he eonsti noted \ uious expeiimentil tool holdeis a pirt of the moie siu 
cessful of v\hi<h 1 shill now ittempt to (lesciibo beginning with these m which a 



wn k (uiiti is usid Ibc fimius lu onefomthef tlu si/e of the acfual to h 
) ul tlu }>i )p)iti>nH 1 wbuli ini^ <1 tomsc b< cnliigid oi uducfd arcoiding to 
utiim t uu( i 
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Tig 984 represents the perspective view fig 985 the plan and ah cde the details 
of Mr Babbages tool holder foi the geneial purposes both of turning and planing 
metal the tool itself c being simply a short i ectangular piece of steel cut off from 
the end of a long bar and ground at the end with one chamfer at about 60 degrees 
•with the length of the blade The stock is cast of gun metil and of a cranked form 
as seen in fig 984 the end being pierced with a veitical hole m which is fitted the 
bolt a having a long diametrical mortise to admit the tool freely as shown and a 
nut and washer e helow to bind all the parts together The bolt a passes through 
two circular wedges h and d inclined at the angle 27 on their internal faces and 
loosely united by steadying pins the lower ciicular wedge has a diametrical 
inclined mortise to serve as the seat foi the tool and which is grasped by the 
margins or walls of the wedges when the bolt and nut ai e tightened 

Sometimes the cutter lies centrally to the shaft of the holdei as shown m fig 
984 and also by the ceiitial dotted line in the plan the veitical branch of the 
holdei IS pieiced with a mortise then to receive the superabundant length of the 
steel cutter but at other times the cutter is inclined about 45 m either dii ection 
as lepresented in the plan fig 985 and the utter then just escapes the stock 
through a little notch filed for the purpose 

1 he one inclined position has been lepresented in the plan fig 985 and in this 
case the point of the cuttei lies m a very fivourabk position for turning either 
cylindrical or plane surfaces as the cutter stinds in advmce of the stock and may 
proceed into an internal angle such as the joining of a mass composed as it were 
of two cylindrical blocl s of different diameteis The tool when simply bevelled 
or ground with one chamfei vill not perfect the inner angle of the woik on both 
faces hut which may he done if the tool is ground with two faces or as a pointed 
tool meeting at an angle a little less than 90 

The fio^ure also represents a very useful addition applicable to all the tool 
holders and slide lests for metal turning namely a little eye shade which is no 
more than a small piece of window glass attached either to the tool holder or 
any part of the rest in a spiing clamp which letains it at about an inclination of 
40 or 50 degrees so as to be nearly at right angles to the line proceeding from 
the point of the tool to the eye of the workman which it effectually shields from 
injury This simple contrivance which maybe leaddy added to any slide rest 
enables the worl man mriowly to inspect the course and pi ogress of the tool and 
yet defends his eye completely from the shavings 

Fig 986 represents the perspective view and fig 987 the end view (full size ) of 

Mr Babhan^e s tool holder for internal 
woil s and the small parts are shown 
detached also full size 

The cuttei s c ai e shoi t pieces cut off 
from a bar of steel fluted m the planing 
miohine to give that which Mi Bab 
bnge h is dosciibed as the angle of relief 
and they aie slurp ened almost oxclu 
sivcly at the end ncxily squaie acioss 
oi slightly chimfcied or rounded at the 
coinci This tool holder is made of 
steel the end is tinned cylindrical 
and a cleft is sawn with i thick ciicular 
cuttei 01 saw down one side neaily to the axis and entirely acioss the end to the 
depth of about one diameter and a half 




APPENDIX — NOTE 4T 


989 


In the end view fig 987 c lepresents the cutter h the block against which the 
cutter rests and s the sciew that passes through b and holds the seveial parts in 
contact The tool may be made to cut on the right or left hand side at pleas uie as 
c and b each reverse To enable the cutter to lesist being diawn out by the force 
of the cutting action the smill square wire repiesented black is added this squaie 
wire fits a groove planed out m the tool holder and lies m the flute of the cutter 
so as to secure it 

In this internal cutting tool as m all others of similar kind a hole must be dulled 
or otht rwise made m the woik to admit the shaft of the tool before it can be used 
and from the contricted measure of the tools used foi turning the innei suif ices of 
small pertures the most sui table aiii^ks cannot be ocnei illy given to the mtei nil tools 

Iigs 9o8 and 989repicsent m the entiioand dissected st itos one of se\eial tools 
contiived by Mi L ibbige foi turning wood by means of the slide lest A small part 
of the end of the gun metal tool holdei is inclined to the stem and the exti erne end 
is filed convex to fit the concave side of the gouge c which is ground on the outsi le 
exactly as usual with a gouge used by hand The cutter is retained by means of 
the strap d which embiaces the cu^tei and also two little blocks a and b fitted 
together with a chamfeied joint so that the middle piece which is earned down hy 
the centi il binding sciew, icts as a powerful wedge and fills out the space within 



the loop consequently the tool is giasped with considerable fiimness against the 
rounded end of the holder oven when the piossure of the screw is veiy modei ite 
The sciew requires a groove below its head and the wedge &, a corresponding pm 
or key that it may be raised to release the tool when the screw is unwound 
In some of these tools the cutter is circuit as a gouge in others straight as a 
chisel or angulai as a pointed tool and of those throe vai leties some have bent 
shafts the ends of which not only dip downwaids as shown m the side views 
figs 988 and 989 but aie also inclined hoiizontally at an angle of 45 as m fig 900 
in order to produce the same effect as the inclined position of fig 985 and enible 
the same tool to sei ve alike for tui ning cylindric xl or pi me surfaces n t the one fixing 
Hie whole of these cutters foi wood act in a vigorous and efiiciont manner 

I shall now say a f ew woi ds on Mr Bxbbages notions of the employment of 
euliiDg tools with many points, so that the work mxy be equxlly divided among all 
the points 
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The most simple c-^se quoted by Mr Babbage is that of the screw tap iix which 
to cany out his piiuciple he cuts 6 or 7 longitudinal giooves instead of thiee only 
the faces of which giooces are undercut or inclined to the radius although not 
fully to the approved angle of 27 they more lesemble those taps called by work 
men original taps shown in figures o50 and o5l pige 591 but they neveithclcss 
answer for tapping and screwing the finer class of woil as they produce tiue 
thieads and work treely The circular tops of the thieadsare is usuil a little 
deaied with the file unto near the cutting points and in the lirger sizes of these 
tap the flutes aie undercut to admit of their being shaipened on a revolving lap 
Anothei example quoted by Mr Babbage is that of Messrs Whitworth s key way 
cutter foi making the internal grooves in the holes of wheels for the keys hy which 
they aie fixed upon their cjlindiical shafts The cutter is a cylindiical rod of steel 
thiough which are made about ten or a dozen rectangular mortises placed at equal 
distances and in a right line Every mortise is fitted with a srnill steel cuttei tlie 
sides of which aie made exactly tiue in the engineer s plining machine the first 
cuttei IS sharpened so as scaic ly to project beyond the smface of the c;^hndi oil 
bar the second piojects a little moie than the fiist and so on to the last the \ rejec- 
tion of which equals the full depth of the key way When used the bar is first put 
into the hole of the wheel and which it should exactly fit and the bai is steadily 
pushed quite through the hole of the wheel oi pulley by aid of the steady move 
ment of an appiopnate screw pi ess 

This mode ot action always cuts the key way parallel md not tipei asfi eqnently 
wanted Erom the uhdi vision of thewoik among i the many eutteis the woikis 
well dine and almost without injury to the cutters which slDuldbe sulficuntly 
close tog ther that the succeeding cutter may entei the groove bcfoiethe pievious 
one has passed through the same in other word the interval between the cuttcis 
should be always less than the thickness thi ough the boss of the wheel The cuttei s 
after hiving been sharpened are set foiwaid by aid cf little sciews fitted in a thin 
bar inlaid m a chamfered groove extending the w hole length of the cutters 

Figs 9)1 and 99-^ represent Mr Babbages tool holder with many blades foi tli< 
planing macbine This tool holder consi ts of two parallel bais of gun metal united 

to cioss pieces at the ends so as to 
form a nariow ceiitr il cleft the side 
bais aie piei cod with sever il hole s 
which leceive as many pins tint 
constitute the centers upon whiih 
a senes cf shoit pii illel blades arc 
jointed to the holdei Whcniu use 
the blidos aie separated by pai illi 1 
slips of biass and it the loii o\ 
tremity is a blocl to which is given 
the inclin ition of ^7 and the end 
Bciew being fastened the whole of the blades aie fixed at tli it ingle Mi B ibbago 
says m making another tool holder of this kind he would cast the hoidoi in one 
piece and tighten the cutters by the method of the sciew and wedge a b fig 9SS 
In ordei to shaipen the cutters the hi iss sepaiaimg pieces and the ingles bl aekat 
the end are removed and all the flat pieces then fall down so th it thi n ehirnfi red 
ends he in a straight line when thus fixed by the end screw the n eh imfc is aie all 
ground at once upon a lap on the re inseition of the biass plates the tools bristle 
lip like so many saw teeth aftei the manner shown X he tool is fixed m the pi inmg 
m'lehine at such an inclination that the first cultoi perietiates but i httk way 


i<ig 991 






1 
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and every succeeding cutter penetiates more and more unto tlie required degiee 
owing to the inclined position of the tool holder the difference in elevation oi 
projection of its two ends being exactly e|uvl to the intended thickness of the 
shaving to be removed and the two tails of the tool holder enable each end of the 
same to be securely gi asped in the planing machine (See hi st paragr iph page 982 ) 
Pig 993 a face cutter for the lathe is the list of these tools which Mr Babbage s 
occupations have given him leisure to devise The ciicular block is screwed to the 
lathe as an orclmiiy chuck and on its cylindrical surface are cut 10 wedge form 
coves or notches the one side of every notch is exactly on a diameter the other 
side of the notch is inclined a few degi ces and fitted with a parallel steel blade 
and a gun metal wedge the scaeial wedges aie sent forwnd by tail screws tapped 
through a img screwed on the bad part of the child oi otherwise attached 
1 0 sharpen the blades they aie icmoved fiom the chud and placed m the rhom 
boid-il ca\ ity of a tool holder shown in perspective m fig 995 and m pi in in fig 99 b 
the sides of the cavity aie parallel and m pans but inclined m both dnections to 
the angles at which the cutters aie giound upon a i evolving lap the horizontal 


Iigs 993 a 991 995 



angle seen in 990 is 21 degiees the vertical is 16 By means of this holder 
the chamfeied ends of the cutteis are all thiown into one plane and the sides of 
the cutters into anothei plane and secured by two equil oi folding wedges the 
ends ind suits of ill the cutters ire then ground cn mussc 

When leplaced m the chucl a distance plate d with a ccnti il pit jcction oi boss 
IS hist fixed to the end of the diucx the cutkis aic illowed to rest in contact 
with this plitc xnd on the sciows hcin^. tightened oveiy cuttci becomes fixed by 
its wedge and the distinee plite ensines the ends of the cutters lying on one 
phne and as rmuh m advuice of the end of the chuek as the space between the 
chuck and the i educed maigm of the distance plite 

This cuculai cuttei with k movable blades maj be viewed as a mimatuieand 
refinement of some of the luge boring tools ind cutters with loose blades tigs 51b 
and 517 pi^es 5f 9 ind 571 and the tool hoic howu has been extensively used by 
Ml Babbage in f icing all kinds of leetilmeai pieces which ue at the time fixed 
m the slide rest oi in a univeisil chuck with screw jaws attached to the slide 
rest by meins of which the woiks are earned past the end or f ice of the slowly 
1 evolving cutter which seivos foi several of the metals including steel but the 
most effectively for brass and gun metal 

Note AU — To follow note AT sit the foot of pige 538 
{Papet on the pnnupJts of loots foi farmnej u.vd Plmuny Metals lythe Rev Prof 
Wdlis of Gambudgo AM /AS tc ) 

let FGHK fig 997 repi esent a rough cylinder of metal running in a litho between 
tlu ccntois M and h and suppose that this is subjected to the action of the tool 
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DBE winch m the figure 13 supposed to have travelled from A to B for the pur 
pose of turning the surface of the cylinder The tool is fixed in a slide lest by 
which it IS carried m a diiection paiallel to the axis of the cylinder ifc moves at 
such a rate that dm mg each 1 evolution of the cylinder the point B of the tool is 
carried onwaids through the space B h The proportions of the figuie are greatly 
exaggerated for the purpose of showing the ejGfeot proposed to be illustrated for 
m piactice as is well known although it is true that the effect produced by the 
tool in turning a cylindei is to trace a screw upon the surface yet the thread of 
that screw is either so fine from the slow motion of the tool that it appears as a 
mere roughness of surface or else it is so flattened as to disappear from sense * In 
thisfigurethescrewmustbeconsidcred asan exaggeration for the sake of explanation 


F Fig 997 a 



Since DBE and die represent the two successive positions of the tool at the begin 
ning and end of one rotation of the cylinder a little consideration will show that the 
shaded space between them namely mbn is the section of the spiral shaving which 
runs off the work during the process of turning In this diagram In is the bieadth 
of the shaving and Im its thicknes but by varying the position or angles of the 
tool and its relative motion to the work it may happen that the reverse maybe the 
case that is to say that hm may be the breadth and hn the thickness In all 
cases however the two cutting edges of the tool are employed in detiching the 
shaving the one (as BL in this figure ) separating its breadth from the solid and the 
other (as DB ) separating its thicl ness ov % ice ve^isd 

In adjusting the position and angles of a tool foi turning 01 planing a given piece 
of work it appears to me essential that its action as shown by such a di igram as 
this, should be well foieseen and investigated and I can onlyregretthat the narrow 
hmits within which I am at present cncumscribed prevent me fiom explaining the 
consequences of this pimciple by a variety of figures 

For example In practice if a tool weie used m the position of fig 997 the 
motion would he slow and the space B5 or mb which is the thickness of the shaving 
would be much less than in the diagram It would be usually argued that BE was 
the real cutting edge and that the shaving would come off without the assistance 
of the othei edge BD Nevertheless the action of this edge BD is the only one 

* In fig 997 the tlnead of the sciew is inadvertently drawn so as to incline m 
the wion^ direction In fact the shows the loiom smface of the woik 

seen tiansparenlly instead of the iippoi as it oiij^ht to have done 
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wliicli IS left upon tlie surface of the work and if the shaving he torn off edgewise 
by neglecting the action of this edge the surface will necessarily be left lough 
By placing the edge BD still more nearly or even exactly parallel to the axis of 
rotation and rounding off the corner D * to prevent it from catching the surface the 
screw form may be wholly obliterated and if the edge BD be carefully sharpened 
a finished surface will result for it is clear that thus the edge BE is wholly occu 
pied with the hard woik of separating the breadth of the shaving and that the 
sm face which it lea\es at each turn is wholly removed in the next wheieas the 
edge BD has the lightei woil of separating the shaving edgewise and the suiface 
which it leaves is in fact the aisible suiface of the woik when completed 

Let us now examine the aiij^les that may be given to the tool edges Fig 998 shows 
the pointed tool in its simplest form AB and AG are its cutting c dges The stem 

of the tool may be of vaiious shapes foi convenience but the cutting portion of the 
instrument is bounded by three plines namely two mle plants one of which only 
S is shown in the figure and a third or atppc; X)lane IT The intersection of this 
uppei plane with the two side planes respectively produces the cutting edqes AB AC 
and the intersection of the two side planes produces the line of the front angle AD 
By a proper management of the inclination of these planes to each othei we 
obtain the desned form of the point of the tool and the proper acuteness of the 
cutting edges This is the subject to which I wish in the next place to direct 
attention 

The front angle upon AD determines the form of the point of the tool in plan 
and also the section of the shaving as already explained As to the cutting edges, 
a greater oi less inclination of the upper plane U of the tool to the horizon (always 
supposing the tool to rest on a horizontal bed), will produce a greater or less 
degree of acuteness in these cutting edges 

If the upper plane be horizontal the cutting edges will plainly be square whatever 
be the fiont angle of the tool But if not then the angle of the edges will vaiy 
conjointly with the front angle of the tool and the inclination of the upper plane 
Diffeient metals and qualities of metal lequiio different degrees of aeuieness 
in the cutting edges which have not been is fii I Inow exictly determined 
In the nresent case I will assume that wrought non tcquiies an edge of 60 cast 
iron of 70 , that brass may be roughed out with an edge of 80 and finished with 
one of 90 These angles I believe to be very near to the beat piobably a vana 
tion of a degree or two is of little consequence But as the finishing of some 
kinds of woik requires that the edge of the tool should endure through a long 
process without giving way and requiimg fresh grinding it is of some importance 
that the angles of the edges should be carefully investigated 

In grinding a tool of this foim it is convenient to consider only the angle which the 
upper plane U makes with the line of the front angle AD In other woi ds the angles of 
the cutting edges AB AG being equal if we suppose a veitical plane to pass tin ough 
AD and make equal angles with the side planes S it will cleaily mteisect the upper 
plane m a line A/, bisecting the angle BAG and the upper plane will be pcipeodi 
culai to this vertical pi me A i ough goniometer i will enable us to grind this upper 

* In f lot thoio IS no occision to louiid off the comer D bccaiibo tlio cd^^e 1 D is 
in most cises inclmod downwiidi and the coinei B earned theieby clou of tho 
surf ICC of tho worl evoept in ficc tiiimn 

1 By this teim is ineuit \ fimio attuhed to a rmdiiitj inichino capiblo of heiu^^ 
set itdiffeicni ingles so is to cnsuio that the tool winch lests iip( ii it diunija the 
pioeess, sliiU leoeive il pio],ei foim L jotuo lat would be i bettei name 
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plane at any desired angle 7 AD and thus to ensure that the cutting edges shall 
be alike 

But this angle 7:AD is not the same as that of the cutting edges and the question 
to he answered in every case is the following —Giien the front angle of a tool (^ 5 
the plan of its point) and the cnU%ng edge teqymed hy the metal wh%th it is to cat to 
find the angle of inclination J AD of the wppei plane This is an affair of trigono 
metrical calculation and foi practical purposes is best resolved into the form of a 
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To use tills table take tlie column wbicb coiiesponds to the requited cutting 
edge The degree placed opposite to the front angle of the tool will show the 
indination of the ui per plane U to the front angle namdy the angle ^AD Thus 
to obtain cutting edges of /O for a tool whose fiont angle is 90 the plane U 
must be ground to an angle of 61 with the line of the front angle AD 

By means of this table severa curious results may be obtained For example 
I bwe often seen tools for turning iron m i\hich the front angle AD has been 
made CO Now leferi mg to the table m the column for 60 (the proper cutting 
edge for non) we find zeio opposite to the front angle 60 indicating that the 
desired form is impossible tbit is to siy that it is impossible to pi ice the upper 
plane of the tool at an angle thit will cause it to make the desired cutting edges 
of 60 Ihe same front angle of 60 undu a cutting edge of 65 gives the angle 
jlAD equal to 33 which is still too acute foi the required strength and even a 
cutting edge of 70 lequiies the weak angle 7 AD of 47 In short no propei edge 
can be given to an iron turning tool whose fiont angle AD is not greater than 6U 
1 0 pioduce a stronger point the front angle of the tool is sometime ground flit 
as at / in fig 999 so as to make a short intermediate cutting edge mn It is clear 
that the angle of this new cutting edge m n is the same as / AD in fig 998 m the 
tihle which table will therefore serve foi this new form I his shows the impossi 
bihty of making the front cutting edge m n with the same angle as the othei two 
foi the foimer will be much more acute than the latter except they be all square 
edges If it were not for this circumstance this form would give a strong and 
effective tool so that it is worth while to examine the amount of the objection 
Supposing the front angle of the tool (which m this case is the angle at which 
the two side planes icould meet) to be 90 the table shows that if the lateral cutting 
ed es aie 60 the fiont edge m n will be 15 As this is too acute to stand let 
the front edge be made 60 this will give about 70 for the side edges Por iron 
and steel tools then this form is bad because the difterence between the angles 
of the cutting edges is too great The best foim for these metals appeals to be 
one m which the front angle of the pcint is made as obtuse as possible and both 
the cutting e Iges alike 

1 01 example the fiont angle miy bo mule equal to 135 This corresponds by 
the tiblo foi a cutting edge ot 60 , to a vertical angle 7 AD of 57 and pioduces a 
very Btiong tool similu in fmm to the pait of fig 999 which is meluded between 
the planes b and / but having both its cutting edges of the same degiee of acuteness 
The same remarks apply but not per haps so foi cibly to the case of tools for cast 
iron in which the cutting edge should be about 70 Thus if we give to the foim 
fig 999 lateral cutting edges 1 m Cw of 70 (supposing as before that its side planes 
arc inclined at 90 ) the fiont edge m n will be only 61 and if we make this fiont 
edge 70 the lateral edges will be about 76 Thus the difference is much less 
than in the fonner example hut still the form of fig 998 is prcfeiable and the 
moie obtuse the front angle is made the stionger will tho point of the tool be 
An angle of 150 may be given to the fiont angle AD 

Sometimes tools iie mule neaily like fig 999 but in which the front is rounded 
off as in fig 1000 instead of being blunted by a pi me is at/ These are liible to 
the same objection as the foim fig 999 namely the impossibility of giving an 
eqiul angle to all the cutting edges loi compaimg fig 999 and fig 1000 it is 
cleii that the veitical angle 7 VD is the s irne in both and tbit m tho round point 
this angle passes through all degiees of acuteness between tint it A and thit it 
A instead of abruptly (banging from on< to the other it m is in fig 999 
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Besides this a shading whiet is separated by a round tool and which conse 
quentlj has a cuived section cannot roll itself off the woik with the same ease 
at a ribbon shaped shaving does It thus opposes greater resistance to the edge 
of the tool and blunts it sooner Also a round pointed tool is more difficult to 
keep in older than a tool whose edges are formed by planes alone 

On the whole then I am inclined to lecommend the obtuse pointed tool for 
eylindei turmug and the planing of dat suifaces but the tool should terminate m 
an a-ngulm and not a romidcd point and the edge BD (see fig m) thould be set 
nem y oi quite pai allel with tlie path of the tool as from A to B in turning a cylinder 
or planing a flat surface For more complicated figures of course different forms 
must be adopted as for plamng into corners or turning piojections but the same 
principle of keeping the front angle AD fig 998 as obtuse as possible may always 
be recollected with, advantage 

There is yet another point to be remaiked In the above pages the tool being 
assumed to rest upon a hoiizontal plane the side planes S may be supposed to be 
vertical and consequently the line of the fi ont angle AD vertical also 
But Ml Nasmyth has well explained the necessity of inclining these planes to 
an angle of about 3 from the vertical This produces in AD an inclination fiom 
the vertical which varies according to the amount of the front angle of the tool, 
but which rnust be taken mto the account in the constiuction of the gomostat 
For the angles given in the table above are the angles hAD and not the angles 
w^ch the upper plane makes with the horizontal plitform m the slide rest upon 
which the tool IS seated The following table therefore is given to show the 
angle which AD makes with the vertical Ime An under different angles of the 
front always supposing the plane S to make an angle of S from the vertical 
according to Mr i^^'ismyth.s statement* 


Feont Angle 

150 

140 

130 

120 

110 

100 

90 

80 

70 

60 

oO 

40 

Vbetical Angle 
m AD 

3 5 

3 10 

3 17 

3 27 

3 38 

3 53 

4 12 

4 44 

5 11 

6 

7 

8 39' 


The above remarks are offered in the hope that some one with the proper 
opportunities wiU be mduced to make experiments upon the best form and edge 
of tools for different matenals ° 


The relative angular positions of the planes of the tool point and the dififeient 
hinds of edges pioduced may be made clear to persons not fimiliar with geo 
metrical notions by large wooden models in which the thiee principal planes 
being cut the resulting edges may be measured with a goniometer 

Note AV —To follow Note AU at the foot of page 538 
(A Pa^oey on a neiofoiyn of tool holdey with detached blades foi imnung or planinq 
metal ayidonamw mode of fixing down tools upon the slide rest, by Pjofessoy 
Wzlhs A M Ac) ^ o j 

Instead of making the cutting portion and the stem of a tool in one piece of 
steel the cutting part is sometimes formed out of a small piece of steel and the 
stem IS fui nished with some convenient contrivance foi grasping it 
This principle has several advantages especially for amateur workmen who can 


* allowing thM angle is doacubod and figiuod on 

page 01 the text 
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sliape and temper a Rinall piece of steel but who may not be provided with a 
for^e and appaiatus necessary for the consti action of a complete tool Besides 
the process of tempering can be moie effectually cairied out w ith a small piece 
than when we have to deal with the end of a laige lump I do not 1 now the 
hi tory of this contrivance Mr Holtzapffel has had foi many years on sale a tool 
on this principle and I have also seen it in othei factories * 

I will proceed to describe the foim into which I have put it for the purpose of 
expel imen ting upon the angulai foims of the tool edges deduced in the preceding 
pages As the cutting extremity of the tool is bounded by three planes the piece 
of steel may be an anged with respect to those planes in different ways according 
to the pm pose requiied 

Ihus a tiiangulai prism of steel may be adopted of which the fiont sides S fig 
1 001 m ike the same angle with each other as that of the side pi ines of the pi oposed 
tool The stem of the tool must gi isp the pnsm so 
that these planes may make an angle of 3 fiom the 
vertical and the upper plane U only must he ground . 
fiomtime to time at the proper angle the prism 
being of course raised in its clamp so that the point 
shall al vays coincide with the level of the axis of the 
lathe This IS the an an gem ent of Ml Holt7ipffels^QQ2 
tool It does not allow ot different angles being ti it d 
for the side planes because the giasping pait of the 
stem IS so fitted to the angles of the i)rism as not to 
admit of prisms of diffeient front angles being m 
seited And indeed this would not he pricticable 
for accoidin" to the second table which I have given 1003 
it appears tbit the angle of inclination of the pnsin 
would b diffeient foi difieieiit fiont m les Lut 
when the best fiont angles aic detomunel this 
ariangement will probibly be found veiy effectual 

Anothei method is to el imp the steel piism it such an angle that its uppoi 
surf ice U fig 100^ may coincide with the uiqici plinoof the tool and m this 
case the bide plinesScan be giound at any desired angle bub the angle of the 
upper plane lemains fixed 

I have found it convenient to chooso an angular position for the prism that 
shill as in fig 1003 he between the mean pliee of the upper plines of the tools 
and the places of the side planes Tims if 0 fig 100 be the pnsin inelmid at 
an angle of 50 to the houzon side plines S may be ground at its uppei end and 
also an upper pi me al) 

1 he section of the pi ism teing thus incleponch nt of the rUitive mgnhr positions 
of the three pUnos thit foim the cutting oxticmity nny be detummoa R<ilely from 
considei ^tlons of oouvonienoo foi i lulity of shaping and lixing I have employed 
round steel wiie of the largest divmcter usudly kept in the shops (namely I aiiea 
ahiie bright steel wire) and filed slightlj flat on the uppei snifaco as shonn m tbo 
siioooedmg flgui es Wlien the side pi mos have been tormed the gi mdmg may t il e 



* flie rathoi hohoves that tool holdois with small detuliod nittcis nne liisl 
used ra the blod m lelmioiy at 1 oitsramith ind simelS Olithis In ( Iv tmiiliy '> 

vinous 1 iniK of those tool hollcis in his imiiufutoiy beo Lest pioesSda 0 wheio 

SI me oi the tool lioldois ue doseiihod ml figuied 
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place on the upper plane alone for some time thus beginning at al we may gi ind 
down to cd then we may grind the side planes afiesh and so on 

I will now describe the stem and clamping appiratus figs 1004 1005 and 1006 
A bai of non ABODE shown in elevation in fig 1004 serves as the foundation 
of the instrument It is straight and s(][uare from A to B which portion is the 
stem of the tool by means of which it is fixed in the tool holder of the slide rest 
Ihe form of the pait BODE which receives the steel wire PQ is given in the 
elevation It is bounded however by the same vertical planes as the stem AB 
An angular notch is filed at DE for the reception of the wiie The axis of the 
wire when clamped into the notch should lie in a vertical plane parallel to the 
sides of the stem and should make an angle of 55 with the horizon The section 
of the notch is shown in fig 1005 which is a plan of the tool oi rather projection 
upon a plane perpendicular to the axis of the wire The inner side of the notch 



IS sunk perpendicularly to the side of the tool so tint the fiat side of the who 
may lie upwards The wire is clamped into the notch by means of a piece I 
The foim of this piece is shown in fig 1004 and is very neaily the same as that ct 
the extremity of the stem niece The screw K tipped into the stem piec( 
presses P into contact with the wire along one extiemity GH and with x shoit 
pm M (fixed into the stem of the tool) at the othei extremity To cnsiiie tlu 
film giasp of the wire the following anangements are made — 

The fiist lequisite is that the clamping piece P should be left at libeity to tal e 
a secure bearing upon the wii e If the latter a ere pei f ectly straight and cyliudi ic il 

and the under surface of 1 perfectly flat this bearing would take effect along the 
line GH which is the line of contin^ence of the said plane and cylmdei 
But m practice a rounded oi twisted surface would defeat this object and thei e 
fore the middle of the bearing surface of the clamp is filed away is shown in t}i( 
front view fig 1006 so as to insuie a pinch at or near each exticmUy of the hiu 
C H (Foi the same reasons the notch m the stem piece should be filed away in 
ihe middle as also shown ) 
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The bearing at the other extremity M of the clamp is upon a round headed 
short hard steel pm driven tight into a hole in the stem piece I he head of this 
pm IS receued fieely into a notch filed lengthwise in the tail of the clamp as 
shown by the dotted lines This allows the clamp to settle itself freely upon 
this healing point and at the sime time prevents it from turning round and shift 
mg its pi oper position upon the stem 

Thus the piessure of the screw K is distributed upon the three points G H and 
M and by the well known piinciples of statics if hT be the bisection of GH and if 
the center of K he in the straight line joining N xnd M then v\ill the pressure of 
the screw be equally divi led upon C and H whatcvei be the angle GNM Fui 
thei if MK be equal to twice ISTK the piessuie of the sciew upon all three points 
will be equal However it is better to thiow M as fai fiom the screw as possible 
for thus less pressure is exeited upon M and theiefoie more upon G and H 
Finally to ensure the fiee transmission of the pressuie of the sciew to the cl imp 
without jamming or wedging a spherical washer L is interposed between the head of 
the screw and the clamp and is leceived into a coiresponding cavity turned in the 
clamp If this be thought too expensive an ai rangement the lower part of the head 
of the screw may be made spheucal and received into a conical or countersunk 
c ivity Care must be taken to make the hole in the center of the clamp F through 
which the screw parses consideiably larger than the diameter of the screw else 
all these anangements to enable the clamp to settle itself fieely upon its beaiing 
points may be defeated by its being driven later illy against the screw A shot 
wire spiing coiled loosely lound the scicw between the clamp and the stem piece 
and touchinQ the clamping piece between K and N serves to press tins piece out 
w ards against the spheric il washer and also keeps it in contact with M and thus 
prevents it from hanging loosely when the wiie is withdiawn 

( 1 n( w Tool holdei for the Shde i est ) 

In the oidmaiy tool li( Idei oi conlrnance hy which the tool is secured to the 
tiblc of the slide icst no piovision is mide foi placing the tool m various angulir 
positions Ihe stem must he pai illtl oi vciy nciily so with one side oi the otlu i 
of the talle oi m othei woids we have but the choice of two dii ections f n its 
stem If lb be desiied to present the point of a tool in an oblique diiection it eiii 
only be effected by bending the tool itself 1 am aw ire that contrivances hive 
been proposed to enible the tool to be fixed angularly as foi ox imp] e Mr Pais 
son B Improved Box for a slide rest (desciibed m the Soc utij of Aii^ Ttanmction'i 
Vol xlviii page 240) which is I belieae but little used and in principle of con 
stiuction is entirely dillereni fioin mine 

Ihe contiivance I am about to desenbe I constiiietod in the bpimg of 1842 md 
have had in use evei since and it wxs also immediately adopted by Mr Holt/apflol 
by whom it has I believe been found pei fectly efiective * It enables the tool to 
be fixed at any nquiied angular position upon the table of the shde rest and is 
besides capable of being entiiely removed fiom the table so as to leaxe it fiee f )i 
the leception of othei contrivinccs as for dulling cutting wheels %c Iho tool 
holder is shovvn m plan in fig 1008 and m elevation (partly sectional) in 1007 
In this tool holder the tool is secuied m its position by the action of a single 
nub A wliieli is tapped to a stiong sciew pillai BG Ihis scrow has a lound shoul k r 

* Ncaily all the sliding icsts in the axithoi s manufaetoiy hive been fiitcd amUj 
M l Willis s appsi lius for isping the too*s and which inswors so complcbely as to 
le ilways adojjto I m sliding, usts loi nictil tiunin now nn It thoicin 
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below wbicb bears upon tbe surface of tbe table beneath this shoulder is a shoit 
portion of screw C which is tapped into a hole in the table The screw pillai can 
therefore be removed or replaced by means of a hey applied to flat faces filed upon 
the shoulder The pressure of the nut A is transmitted to the upper surface of a 
triangular clamping piece DEF fig 1008 through the interposed spheiical washei 
G- which works freely m a corresponding cavity m the triangular clamp as shown 
in the section fig 1007 

Two short rounded studs of hard steel D E are driven into the lowei side of the 
triangle and rest upon the upper surface of the stem of the tool At F a sciew is 
tapped stiffly into the triangle and its lower end being rounded like those of the 
studs D and E it follows that when the nut A is brought int i action its pressure 
upon the triangle is resolved upon the three bearing points below, namely upon 
the two D E which press upon the tool and clamp it to the surface of the table 
and upon the third at F which pies es upon the table through the intermediate 
piece H which is principally interposed to save the table fi om bruises 

If the nut be loosened the tool and trian^^le aie set at libeity and the latter may 
be placed m any rec[uiied angular position when a turn of the nut at once fixes it 


B 



completely But as it is necessary that the tool should be undci the studs D F 
and therefore always at the same distance from the center of the sci cw the intei 
mediate piece H is contrived also to answer the purpose of guiding the stem of 
the tool readily to this distance 

The outline of this piece is exactly the same as that of the tiiangle undoi which 
it lies with the exception of the side which is parallel to the tool The side is 
made at such a distance from the center of the screw th it when the tool i csts 
against it it is set m the propei position to leceivc the piessuio of tlio studs D E 
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of the tnangular clanip The dotted lite I I fig 1008 is the hoiindaiy of the 
lowei piece and at the opposite extiemity of this piece a thick lump is formed in 
which a notch or gioove is filed m a direction pointing to the centei of the sciew 
pilhr This groove leceives the end of the sciew F as already explained The 
foirn and thickness ot the lump and the position of the gioove aie shown by the 
dotted lines in the figure'^ 

The tiianglo ind washer are drawn m section in the upper figure to explain the 
adjustmeii''’ ot the washei G- As the upper suifice of this wa her is always hoii 
zontil the hole need be no liigei than is sufiicient to pa s fitely up iiid down 
the scicw pillir hut the case is dilleieiit with the tiiaiij^le D I Jb foi as that m 
icqiincdto iccommod itc itseli to iiiej^ular thicl nesses of the tool tint rn lythiow 
it out ot the hoiizontal position the hole thiongh which the sciew pillai passe 
should be hi go and slightly conical as shown in the section In fixing the position 
of the screw pilhi upon the table of the slide lest it should he pheed at sueh a 
distance fi om the two edges that the bearing points D L F of the tri mgle may not 
hang over the edges in any position bilt that the tool may he always clamped within 
the limits of the table the dotted circle in the plan expUins this sufiiciently 

A circul ir hole in the middle of the piece H fits loosely the shoulder of the sci ew 
pillar and is the end of the sciew F is received freely in the groove of themteime 
diate piece which latter is thereby kept in its proper place lielow the triaUf^le it tol 
lows that the whole combination of tool tmnj^le and intermediate piece may be 
swung lound the cenlial pillai without escaping tromtheii pi oper relative positions 

Ihe sciew 1 is intioduced to allow of adjustment foi tools of gieatly diifeiing 
thicl ness Bub if it be neeessaiy to put thin wedges undei eithei end of the stci i 
of the tool in older to raise oi depiess its point the spheiieal washer allows of this 
by trmsmiitmgfieely and centiically the iiressuie of the nut notwithstmding tint 
the lip pel buiface of the tiiangle becomes inclined fiom the hoi i/ontal position 
It must he also obseived that the tool miy be pheed either to the right oi lett 1: 
the sciew pillai at pleasure and a spiial spuno uiiy be intioduced below the 
tiianglo to pi event it fiom hlling down whin the tool is withdiawn 

Ihe ill mgle should be made of such i ai/e tint the distuice between itsbeaiing 
pms D J in ly bo the same as that which would be given to the binding scicws of 
an ouliniiy tool holdei 


ITote AW to follow the fiist paiagraph 542 
(Mr r)anJ(niS Ixpanduui Otntei BU’i) 

This modilication of the centei bit fig 457 page 511 enables a senes of three 
tools toboie ill holes inteimcili lie between hilt m inch md two inehes m dii 
meter and that with veiy little inteifeicnce in the genoi il pimen)le ot the tool 
Infigiue 10U9 the two paits oi ihe mstiumeiit aie sepai xted beyond the distince 
at which they aie used m older to show the constiuetion and fiom which view 
it will be sten tint the pait a of the expanding bit which is sqnaiecl at the end 
to fit the cirpenter b biace is extended at the other end to foirn the ccntialpm d 
by which the tool is guided ihe movtible pait eirnes the seenmg oufctei oi 
me] Cl e and this piete admits ot idju tincut ot cliiuuiu it being attidie I to the 
num stem by the iivet b and f istcned thcieto b} ihe bindiii^ scuw c tint pissi s 
through the moitise m the moveible piece tins 1 ttci put is foimed toe iiiMtiinte 
the 1 itei il cuttei / by which the blueings ue as it weio svupl out of the hole 
that IS being m ide 

3 I 
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When the centei bit is contracted to ser^e for its smallest diameter as m fig 1010 
the radii of the nicl er and cutter are just alil e but it is found that the radius of 
the nicker mny be increased above one fourth as in the dotted position and that still 


c 



the cutter acts fairly as the sha^ mgs become leadily disen aged These expanding 
bits aie not intended to supersede the ordinary center bits of fixed smes but to sei ve 
f 01 occasional woiks and they ai e exitremely well suited to the wants of amateui s 

NoteA\ to follow the paragraph page 541 commencing another Screw Anger 
{The Amemcon Saeic Auger) 

The American screw auger fi^ 46G pige 54^ was patented by Mr Win Ash of 
Shefifield and is descuhed in the Piactical Mechanic and In ineers Mioazmt 
Glisgow 1842 Vol 1 page 108 

This description speal s of a different naodification of the screw auger fi om that 
described in the text and in ■which a piece called a guide is employed instead of 
the worm usually soldered to the shaft The guide consists of two thin i mgs 
united concentrically by two fin situated on a diametric il line lea’^ ing two hrge 
semi annular spaces between them ihe outer iing is made as ashoitconicd 
sciew the innei embraces the central stem of the auger upon which it fits loosely 
behind the cutter 

The auger fiist boies a shallow hole into which the loose guide ring is sciew ed 
to sei\e foi the guidmte of the instrument by tlio centi al nng or tlumhlt which 
fits the auger sh ift and the shavings have to escape tin o ugh the annuhi s^ aces 
betwixt the two lings This piait of the coutuvance appeus howevei to bt fu 
less practical than that described in the text 

Ml I hmeas Cool e was rewarded by the Society of Aits in 1771 for the invcn 
tion of the screw augei fig 403 page ^43 but the difficulty and expense attending 
its first constiuction appeal long to have withheld it from general use —‘^ee also 
Smith s Panorama of Science Vol 1 p 113 

Note AY page 554 to follow the paiagi iph ending without figuiei 
{Fiecman 6 rcgiste'icd Di dl lool ) 

This IS a very useful substitute foi the dull bow it consists simply of a flat 
strip of wood from about o to 16 inches long by ^ to wide with an appiopnte 
handle and on one side of tho wood is cemented a strip ol siicot india lubbei or 
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cioutcl one The pulley of the dull or drillbtocfc is inacle of wood and cylmdnoal 
the diametei and length bemg about equil and the extreme angles slightly 
lounded 1 he contact between the wooden pulley nid the cai utchouc will be 
found quite sufficient for the worl ing of small dulls and as the tool is simplj 
used as a Molm bow the tedious pi :>ces oi coi mg on the stimf>* of the oidinaiy 
bow lb entiiely avoided 

^ot pi(.,e 5o7 to f How the econd paiagr nh 
( 1/y IIail)}u Us b funi Ian %teii Di ill fod ) 

Mr MacBowxlU impiovecl diillstocl fig 1011 is i very us fulmstiuncit 
acting by icci rocitmg me tion and which was icw uded m 1815 by the Socu l;^ l 
Alts It consists of a rod oi the so calhd pinion wnc (the foimiti n of wlndi is 
noticed on pige and fig 294 of vol 1 ) Ihe one end of tho wnc is bci d up 
to seivc as a sod et toi leccivmg the dullb the otliei end is foinied into a centei 
point and contained vMthm a handle oi sod et by which the instiumcnt is j^^uidtd 
towards and pre bcd into +hc worl the rcmamdei of the instiument consists ot a 
slid r or nut fitted to the iibs of the pinion wne and possessing a handle havinc^ 
an univeisil joint 

If the giooves of the pinion wire were stiait^ht like the flutes of a column the 
nut mi^ht be slid up lud dovMi without giving any motion to the dull but is the 
wir IS twisted to the extent of two oi tin ee turn in its 
length hlc a vci} oblique s icw eveiy iscint i dc icnt 
of the han U( cnises a ciiculii leupiocating motion of the 
diillb^ocl to the extent of two oi thiee i evolutions to and 
fio and iulhls b ic ollice that would othciwise requiie the 
dull b >w of tho bicast dull oi the cioss stall of the up 
light 01 pump dull 

ihe mstinmont as abo\c dcsciibcd insw<]s beautifully 
foi very small holes but the in^i in ns inientoi w is again 
rcwirdcd in tho follow iiu ^ cai i )r idditii n h;^ which tho 
powci of ihu dull tool is much iiieu iscd Ho Inst idded 
a tiansveisc or (hanictrieil inn it the loot cniyin^ two 
hills to civc as a fly ind gi\e momentum butineon 
vemence then occurred fi om tlu weight having to ho sud 
dcnly stilted ind stopped Tins defect w is judiciously 
lemcdiecl by luti oducing a little c itch wheel oi iitdut 
in the nut by which as in the bieqnct witch ley and 
also in the i itdiet drill i)igo 561 the citdi sl]])s oxei the 
teeth ot tliL latchet wheel m the iscent ind only moves the drill m the descent 
thus allow in the fly to ict uiuiibciiiqitcdly and impel tin drill with eoutiiuK us 
motion in tk one diiection oiilv md with mcieased fence With the impiovcd 
iiibti umt utie^isteiecl nude i then imcottho Ouniinucdl (\olvin fAichimaU m Di ill 
li( les can be pieiecd oi fully twice the clntneiei r 1 those which could be made with 
the formei uul in ic biinplc Aiehimodcan dull having i leoipioc iting letion 

Note I A — lo follow tho Note A7 on pa e 557 
(ilf? MaiDmuH s Tidanijiihn A}dum(dLan Dulht )d foi Dnifal ^ini/mi) 

Ihistod whichuiepiesentodm fig 10P is in olHioot )t tk u c ipiocitin., 
Aichiimdc uuhillbtock Ihepaiisft b ( tod ot the succeeding fj| me iiu piui ely 

3 I 
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analogous to the coirespoi ding paits m fig 1011 except that fiom 1) to d extends 
a stiaight bai that fiimly unites these two parts Irom d to e is a socket oi tube 
carrying at c a small dull socket or hollow mandrel at ri^ht angles to the length 
of the instrument and within the tube aie concealed two very small beMl pinions 
the one fixed on the dull sod et the other on the end of the recipiocating dull 
shaft h d which is continued within the tube so far as c the bevil pinions thei c 
fore transfer the motion of the recipiocating shaft to the drill 

The tube which extends fiom d to e may be moved round in the collar at d 
and fixed m any lequiied position by the thumb screw so that the dull may be 
dll ected upwai ds downwards to the right or to the left according to the position 
of the hole the dentist has to drill in the tooth of his patient 

Note BB — To follow the Note BA on page 557 
{Capt Q D Davisons Rectangulai DiiUstocl foi Dental Bung euj') 

Fig 1013 represents an instrument for the same purpose as the foregoing and 
which was invented at about the same time as fig 1012 by an officei of the Piitish 
Army engaged in the Ahmednuggur Suivey in India It consists of two slender 


Figs 1012 



b irs of steel united at both extremities and nisei fced by the one end into a wooden 
01 ivoiy handle a at c is a small spindle foi the dulls with an appiopriate pulley 
situated between the two side bars and at 6 is a siinilii pulley Ihe catgut line by 
whith the dull is moved passes entiiely lound the x>ulley of the dull sod et at c 
the two ends then urn paiallel with tho stem ot the tool rnal e each a cjuartei turn 
m oxiposito directions ovei the guide pulley 5 and then proceed to the extremities 
of the dull bow d d which jiasses through the space hot ween tho side bars of the 
instrument If the pulley c is situated close to tho end of the msirument and the 
dull bow nearly fills out the space between 6 and the steel fi xme the coul will then 
be i etained m the grooves of the puUies with little or no iiskof its being accidentally 
detached I his instrument like the list may be used m ill the required positions 

Note BC page 563 — To precede Section IV 
(Mi George Scott s atus foi Boi mg and Tapping Cast w on Mam Jhpes 

foi Watci and Gas ) 

Fig 1014 represents Ml Gooige Scott s appaiatus for drilling gas and watei pipes 
and which was rewaided in June 1846 by the Society jf Aits Ihc paits aie all 
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grouped togethei as if in use but tbe pipe itself is repiesenfced m dotted lines in 
order that tbe point of the drill and the apparatus generally may be bettei seen 
a IS a semicircular iron strap that embraces the pipe I h c c is a cioss piece with 
a screwed central hole attached to the curved strap by the nuts d d and c is a 
tube screwed into c g and which tube cariies the revolving socket f terminating 
in the drill g When the parts are all united and fixed to the pipe as in the flgui e 
the di ill socket f g is handed round by means of a spanner about two feet long 
applied to the square at / and whilst the hole is being pierced the drill is set 
gradually deeper by a screwed nut which is extended so as to constitute the 
handles h It by the movement of which at intervals the drill is gradually foiced 
deeper into the hole it is m the act of boring 

When the hole is completed the sod et and diill/^/ are lemoved from the cross 
piece cc and the screw tap shewn sepaiatelyat? is inserted into the same hole and 
the threads of c c and i being alike in diameter and pitch c c serves to guide the tap 



very truly into the hole pieviously made By introducing diffeient saddle pieces 
of wood that he between the stiap a and the pipe and by using smaller dulls 
and sciew taps of the sime thread the same apparatus ma^i be made available foi 
smaller pipes it is veiy efhcient for ifcs intended purpose and a decided impiove 
ment on foimer methods Ihe piincipal part of the tap i is left with the thread 
entire to serve £oi the guidance and the end alone is lapeied and cut with sevei il 
notches almost as a conical countersink and which fully suflice foi tapping the 
thin metal of the pipe — See also text page 558 

Notes BD— BE — BF — BG — BH and BI — To follow the text pages 
5Gi to 567 

On Dnlls and Boi inq Bitb uhed m lathes and Boi mg Mathmes 
Six tools of this class have come to the authoi s knowledge since the foiegomg 
pa^cs wcie pimtcd they will he now figuicd and dcsciibed by wiy of appendix to 
the text dhiee of these tools aie intended to mamtuii their sevc^i al diameteib 
uinlteied the othei thioo admit of adjustment foi size within eeifcun limits io 
th( best of the auihoi s b( lie! they aie all (pute sipnate ind independent mven 
tiuns Hqlied to one neiily cuiinnon puipose 
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ITote BD — To follow the text paf^-es 564 to 567 
(Ml Oollas s lathe di ill ) 

A lathe dull described as the invention of Mi Collas of Pans Engineer is 
figured m page 171 of the Engineeis and Machinists Assistant Glasgow 1846 
The instrument for gi eater perspicuity is here repiesented in pei pective in fig 1015 
This dull IS turned as a cylindei and peif orated to the extent of thiee or foui dia 
meters with a hole of about one tenth of the exterior size Exactly one third the 


Fig 1015 



cjlindiical end is removed so as to foim % longitudinal incision extending to the 
center and hiving iidiil sides the extremity of the drill is giound somewhat 
a m tbc half round bit fig 507 page o6o to make the one edge cut behind the 
aiigulii i3art a fuithei poition is i educed t) the diametrical hne and the remainder 
IS either cylindiiod oi squaie and tciminates in a center for the popit head 
The work huing been chucked in the lathe and a shallow lecess turned out to 
admit the end of the bit the 1 ittci boics the hole in the solid metal to any depth 
that rniy be lequired as the core or the small poition opposite the central hole 
extends up the dull shaft ^which it is. corsidcred to guide )and the core breaks off 
in sm ill pieces as the dull progi esses into the solid metal 

The oidinaiy half lound bits fig 507 nuy also be employed for boring holes m 
the solid met il but vhich is not their common aj plication and when exactly semi 
ciiculai they lemove the vhole of the m til not leaving a core but as usually 
gi ound they lea\ e the bottom of the hole as a very obtuse cone to make the 
bottom of the hole quite flat the halt lound bits may be giound square acioss on 
the cutting side md bevelled on the opposite to cleai the bottom But the neaily 
rectan ulai edges of the half lound and similar I its requiie moie power and work 
lessfieely in dulling holes m hbious metals than the oidmaiy fi.uted dulls fij^ 
47o pa^e 548 and Uv. nioie tioublesome to entei 

Ihe autliGi consideis the centi il 1 ole in In Colhss dull not to be lequired foi 
the piiiprse of guidiiij^ it which office is peifoimed by its exterior smface and he 
sees no leison why the cutting edge should nut as in the half round bit proceed 
bejondtlie center and lemove the whole miteiial is in mal mg a flat bottomed 
hole in this ca e the ccntial pm left by Mi Culhss dull lequiics after removal 

Note BL — To follow the text pages ^"64 to 567 
(C JfoH (ijffds homnr/hit luth chen jCahU ciittus dcmul fi am the half i ound hit) 

Ihis was contiived foi boiing h Its m modtls of guns howit/eis and moitais 
to ivoid the expense of the many long boiing bits leqiuied in mal mg a senes of 
these models 

The stock is consti acted as shown eiitiie in fig 1016 and detached in fig 1017 
ihe end of the sfcoel is turned cjlmdued uid has a notch across the extiernity 
extending below tlie dnmetiieil line and al o a lonj^itudinal gioove on the un ler 
Side The notch leceives the cuttei c \ hieh embiaces the flattened ed^^cs ot the 
stock md IS held by two small seiews the gioove leceives the boarinj^ piece b 
winch IS hivel by tv\o jtlni su ws that aie ronnttisunk 
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The outer parts of e and 5 aie turned to the cylmdiical foim and hardened the 
cutting angle c being allowed to he alw ays more prominent than the two other parts 
One stock was thus made to serve for vinous diameteis fiom ^ of an inch to 
(oi 882 to 1 169 ) another for si^es between 1| inch to 1| {or 1 297 to 1 66 ) so as 
between them to answer for boring models of the entire senes of Oidnance em 
ployed by the Biitish Government when constructed on the scale of one sixth 
their true sizes 

1 01 dnllmo' the preparatoiy holes below ^ diameter the system of three tools 
desciibed in the hist pai igraph page 567 v\as employed so as to ensure the exact 


Figs 1016 



centiality and tiaightness of the boie and m foimmg the cuivcd chimbersm 
the vinous models diffcieiit cutteis with tail sciews were instited m a hole 
tipped 111 the ixis of a long boniig bir also used m the lithe The entiie scheme 
was quite successful and is peihaps the smdkst example of (viituilly ) half round 
bitJ with loose cutters 

Note BF —To follow the text pages 564 to 567 
{Ihe Ooini h hit with looi^e cuffab ) 

I he Coiniteh bit is i useful lithe dull appaienbly denied fiom the boiing bai 
fig 514 pa^^G 569 and hi e it is idipted to holes of cei tarn fixed diameteis As 
seen m fig 1018 the stock which is cylmdiicil thioughout (except where it is square 
foi ihe hook wrench ) is cnluged at the one end and his i diametric d mortise fitted 
with a cutter c notched out at the one end to embrace the flattened sides of the bai 
and secuied with the wed^^e w as in fig 514 But as the Coimsh bit is used m the 
lithe and is theiefoie only supported by the woik it the one uid and the popit 
he id it the other a bearing piece h is fitted in a loiit^itudin il chamfoi gioove on the 


Fi^ 1018 



iindci sido of the stocl a^ seen in the end \icw in oidci to 1 ecp it cential Ihc 
thicc cd cs of the cuitei ind bcumg piece i cspcctively aie ill turned in then 
pi ICC ihc iiiici IS bev 11c 1 ind xoiindc I so is to cut at the iiont only iltci 
winch the I ntb nc hudened 
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llie Couiisli bits ire not mide foi boles smillei than about mob in diiuieter 
c},r)d by means of additional cutters and bearing pieces e\eiy stool miy admit of 
an inci ease of si/c of fullv one half its minimum diametei or say fi om about 1 \ 
to 2 1 inches and larger si^es in propoition This is a \eiy effective tool and is m 
gone al u&o amongst engineers 


Note BG — To follow the text pages 564 to 567 
{MlS67s MaiiiMay^i bounrj hits with loo^e cutteo i> foi honng the hossts of wheels pmi^s 
mid 6 nail steam cylindeis in the lathe) 

Boiing bits of the kind lepresented in fig 1019 r mging from about 3 to 12 inches 
in diameter and with a power of variation m size weie many jears back intro 
duced by Messrs Maudslays and employed for boring the bosses of wheels small 
cj linders pumps The stocks of the smaller sizes of these tools are made in 

wiought iron those of the laigei in cist non the cutteis lest in contact with a fillet 
made on the stool exactly ab right angles to the axis and are held down by sciews 
which pass tin o ugh moitises in the cutteis to enable these to be set out to vaiious 


Fig 1019 



diaincteis The beuing pieces beneath although geneially fitted in a chamfer 
gioove aie also made to idinit of pad ing pieces by which they may be set out 
to mil e the thiee points of beaiing to fall in a circle of the exact diameter of that 
to be bored The laiger of these tools the cutteis of which aie 2 inch tl icl are 
now very much less used since the boring bus with sliding heads or blocks le 
fined to m I" ages 569 to ^72 of the text have obtained such geneial employment 
foi boring cylinders and pumps 


Note BH — To follow the text pages 564 to 567 
{Mo Stiieiis Pegisteied Lathe Do ill) 

lliis instiument is represented in perspective in fig 1020 and in plan with the 
top phte lemoved in fig 10*^1 it has two cutters which are adjustable for various 
di imcters the tool is intended to be used after the manner of figs 509 510 and 
511 1 ij^e 565 that is with the loop fig 511 The two cutteis c c lie in oblique 
giooics the ends of which aic at an angle of 45 degrees and between the cutteis 
is pi iced i wedge %i v the long shift wheieof extends thiough the entire length of 
the dull shaft and has the hollow center for leceivmg the piessuie of the popit 
head 'When this long wedge is set forward by a tail sciew and nut ('not repre 
stilted ) it ihiows out the two cutters in any lequired degiee so that the bit foi 
holes of one inch in diamctci may be thus enlarged for any size not exceeding 
about inch and so with the lirgei tools 

The cap piece or plate p p which is represented removed and is attached by 
three scicws has a sfiillow circular recess within which the two pms fixed in the 
^utteiib lie loosely contained to pi event them liom being iccidentdly lost The 
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cutteis are rounded at the en Is and sharpened piecisely hi e the bit fig 509 and 
the two ed^es of the shaft fiom a to 5 are made symmetrical and with rectangular 
ed^es m oidei to stick into the sides of the loop such as % 511 fiom which this 


Figs 1020 



di ill receives its axil guidance in the manner alieady explained on page 566 but 
it appears objectionable that the guiding loop should from necessity be so far 
removed from the cutting edges of this expanding dull winch is proposed to be 
m ide as large as eight inches in diameter 

Note BI — To follow the pages 564 to 56/ 

{Ml KittOG s Expanding half ? onnd Bit ) 

In this instrument three parts instead of two only are made to adjust radially and 
equally from the one point only being sharpened and from there being a bottom 
bcaiing upon the suiface of the hole that is boied the instrument is used in all 
respects as the common half round bit and without the necessity of the loop or 
guide (fig 511 page 565) required with Mr Stivens expanding drill and of which 
latter Mr Kittoe had not the least knowledge when he constructed the present 
tool 

Fig 1022 IS the perspective view of the boiing bit when m condition for woik 
fig 1 O'’ 3 IS a section of the sime through a horizontal plane and a to 7 fig 1024 



ue the parts shown sepaiatcl} tlu same Ictteis being ittuhcd t > the sunc puts 
ihioughuut iht paibliom c to ly is oi bi iss and oontuiis ill the modi inisin g Lo 






1010 


APPI 1SI>I\ NOTES m BJ AND BIv 


A IS an iron lod screwed into tlie biass to seive as the shift of the tool and which 
1 made of any required length The poition from c to c is consti noted in two 
pieces which separate nearly on their diameter and are united jointly by steady 
1 ins and the screwed nut d e the dm ion being made foi the purpose of intro 
ducing the two bits a> a one of which onl;^ is made to cut 5 the bottom bit is 
inserted m a similar but i ei tical cleft 

The thiee bits aie simultineously and equally advanced by the cential wedge i 
shown also detached which resembles a cone reduced so as to foim three fins at 
light angles to one anothei that enter the giooves for the bits the wedge i is set 
forward by the till screw 7 there is a side screw which prevents the unintended 
movement of the set screw 7 to arrive at which latter it is necessary to remove 
the socket g g from the stem of the mstiument g h 

If the wedge with its three fins were consideiably advanced bejond its present 
position it would stand before the cutter and prevent the tool fr m proct^ ding to 
the ei,tremity of a flat bottomed bole in oider to avoid this Mi \itbo h is mide 
the back edges of the cuttei s at the same angle as the wedge so th it the ict of 
setting forward the wed e also sets forward the cutters to keep them in advance 
of the point of the wedge The cutters have oblique mortises which piss over the 
letainmg pins fixed m the semicncular piece and pievont the cuttcis from bciu^ 
acci lentally lost 

It is the intention that eveiy instrument constructed on this mode should pos 
sess vaiious sets of the bits a J so piopoitioncd in size that the smalk t instru 
ment should be capable of being expanded to the smalle t size of the sec )nd 
m&tmment the second to the third and so on m oider that a few of the boiing 
b irs or stocks may serve for a considerable range of sizes 

Note PJ — To follow foot note on page 572 
(Af? Qeo'ige imento'i of the modem sgsteni of lot mg Imge O'glindcn ) 

flhe author is informed by John Taylor Esq FES &c that the mode of 
holing steam enj^me cjliudeis by means of a i evolving bar with a travel sing cutter 
block and cutters as sightly explained in fig 517 page 571 was invented by 
Ml Geoige n ht whil t m the emplo;^ment of Fe sis B lulton % Witt of the 
clcbi ited Soho \ oiks neai Liimm him This admiiabl contin nice has piovcd 
ol 111 iiitnse adaanta^^e to practical engmeeis 

It ma} be added tint Mr Nasmyth constiucts his heaviest boiingbars with three 
longitudinal giooies fitted with adjustable chamfer bais and that sustain the 
press ui e of the cut against those faces of the charnfei bars which ai e i adial to the 
bar Ihe vertical position seems now to be i athcr piefcued to the horizontal for 
this class of boring inicliines so that the cylmdeis may be boicd in the position in 
which they aic aftci wards elected 

Note BK - To follow the text on page 5 SO 
{Mq Mallet b method of da uhimj )cg dm and intgiilm sjn/ah ) 

F c tiansciibe fiom the Mechanics Mioa/me for Ibll pa^c o the com 
luciicemcnt of a veiy useful pipei by Mi Millctt of Dublin — • 

1 n many pinposes of the aits a simple and lapid method of tiacmg spu alb 
ujon a cylindiic siiiface is impoitant caiveis wood tmneis &c often w mt 
sueb and in larger woiks such as some piiticulai bi inches of mill w oil an 1 
ii^mecung it is also fiequcntly wuitod Ihc u ual method ly uiMeling the 
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cylmdriG sui face into equal portions in cii< umfoience and leii^tli and drawing 
lines diagonally is tedious 

The following method believed to be new is simple andieady and sufficiently 
exact foi most pui poses 1 wo stiaight edges of equal length and width and about 
^ths of an inch in thickness each aie to be seemed on a table parallel to each other 
standing on then edges and distant fi om each other by nearly the length of the 
cylinder upon which the spiral is to be maiked Between these there is also to be 
seemed m a diagonal direction sti etching from one to the other a third straight 
c Ige formed of two slips of deal glued together with a slip of strai^nt thick Bris 
tol boaid between them piojectin^^ th of an inch at one edge 

The entiie height of the di sti light edge when standing on the table must 

be Si shade moie than that of the two other str n^ht edge The thiee pieces being 
then thus arianged the edj^e of Biistfl boaid is charged with pimtei sink Then 
oil causnii^ the cylmdei to loll over the edges of the two paiallel stiai^jht edges in 
the direction of then length the dngonal slip of inked Liistol boaid will trace a 
spiial upon the surf ice of the evlmder with very con iileiable accuiacy 

Mr Mallett then goes on to describe that by substituting a cu'ived edge for the 
inclined 6/; \auable screws will be deseiibed following any particular 

condition set out in the dea eloped suiface of the screw is lepiesented by the cmve 
this he consideis useful m setting out the aaiiable screws oi those of increasing 
pitch for propellers and he fuither shows that spiial lines may be thus diawn on 
eoiie^ pi isms be 

hole EL page C96 to follow the pirigraph ending a convenient bed for the hie 
(0/^ Shaiimwi j the teeth of '^aies hj means of G^ind tones ) 

K picnliai m de of shirpcmng the teeth of lii e cireulai saws by means of 
giml tone the authoi is mfoinied is followed by Mr James Loag f Johnston 
K. (. tlanl mmufactuier of Gasl s and vaiious woil s in wood 

A sm ill giindst jne mounted on a spmdk and turned on the edge with anairow 
ud^e suited to the form of the teeth is made to i evolve by the steam engine the 
eii culir saw is placed upon the suif ice of i slide haviiit^ a centei pm to fit the ax.is 
of the siw ind a stop to deleininie Low n aily it shall approach the m(lston<=‘ 
the iihfloim oi slide is incliiK d igiceably to the angle at which the stone should 
meet the uv plate and theieis a detent or hook which b) catching against one 
f the teeth holds the uv plite m the positions successively requiied for every 
other tooth aiound its eiieumference 

The giindstonefi omits lapidity of action is constantly employed when much has 
to be lemoved as in deptheniiio the gullets when but little is requiied to be done 
to the SUV the file is employed is usual 

Sometimes al o the saw remims at le t except as legirds the change fiom tooth 
to tooth and the guild tone is mounted on i swing fiame and brought down eveiy 
time to a stop 

LoteBW refcuing both to the rible on Rectilineal Saws page 699 and to the 
Table on Ciiculu baws pa e 7 4 

On til C a(j(s at pu (nt u ed fo7 mtasajinf/ the llmhu s s of sheet metah and wucs 
and pnposal Jot anew si/ tcni of Ca/ s found d on the deemud subdieisLon of 
the '^tiindaid Inch 

In setting out the I iblcs of the Dimensions of biws tin i lUioi eoul I only cxpiesa 
their se\ei il tliiel lie ses m the ineisuie ilvv lys employed ioi that puipjse n imely 
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in the sizes or numbers of the Birm/mgham wne gage and to rendei these 
measures intelligible to the general reader the author then determined to introduce 
in this Appendix— first the exact yalues of the principal gages m use for sheet 
metals and wires a subject he believes to have been hitherto overlooked and 
secondly a proposal he has long desiied to see earned out namely an easy and 
exact system of gages for sheet metals wires and general purposes founded on the 
decimal division of the inch and m which system the nomenclature should be 
so completely associated with the actual measures as to convey to the mind even 
m the absence of the gages themselves a veiy close idea of the several spaces of 
the gage or of the thicknesses or sizes of the works measuied thereby 

It IS to be observed at the outset that the gages for measuring wires and sheet 
metals are usually thick plates of steel of several sizes and forms around and near 
the edges of which are first drilled various holes the next step is to sa v a notch 
from the edge into every hole saws of the widths of the several notches being used 
and lastly little parallel plates of steel called di ^fts which are hardened and tern 
pered are driven into the notches in order to smooth the sides of the same and 
rendei them of uniform width after the mannei of various other appln ations of 
drifts explained at pages 883 to 885 

It should be further observed that the Birmingham and other gages seem to nave 
been originated m great measure accidentally or almost by the eye alone and with 
out any attempt at system either as regards the values of themtei vals between the 
successive measures or numbers or their correspondence with the subdi\ isions of 
the inch And as moreover gages nominally the same have been made by various 
manufacturers with msufiicient aim at unity of measures some n regularity thence 
exists amongst the gages m common use notwithstanding that they may be 
nominally alike 

In ascertaining the piecise measures of the principal gages the author has had 
the valuable co operation of Messis Stubs of Wainngton who manufacture a 
large number of these gages and who tested the driits they employ by means of a 
sliding gage constructed by Holtzapffel & Co for reading off quantities to the 
thousandth part of an inch by means of a vernier the results of these admeasure 
inents are stated in the three sections of the accompanying table 


The three series of measures or gages particulanzed in the annexed table have 
no 1 elation whatever to one another for example the numbers 10 of the tible ire 
1 espectively different and undefined quantities or are neither aliquot noi diicct 
fractional parts of the inch as the number 10 notches are severally 134 024 and 
190 of an inch wide and othei similai numbers are also um elated 
T he approximate measures of any one of these three sei les may perhaps he 
model itely familiar to those aitizans who use that paiticulai gage but these same 
artizans will probably he as little mfoimed of the two other gages as the genciality 
of individuals to whom the whole of these and other aibitiaiy ill defined mea 
sures aie vague and confused because their nomenclatui es have no relation 
whatever eithci to one another or to our geneial standaid of such quantities 
namely ordmaiy linear measure or in other words the standard foot and inch 
Ihe following explanatoiy i email s on the three gages specified m the tible and 
certain other gages deiived from them will show the complicated and imeertain 
natuieof the subject of measures for wiies sheet metalS; and vaiious small works 
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\ALUES or GAGES 

roB 

WIRE AND SHEET METALS IN GENERiL USE, 

LVPtESSLD IK DLCIMVL PARTS OP THE INCH 


Section One 

Section 'I wo 

Sr TiON Tiirlk 

Biimingham 
Gage f i Ii m 
Wiie aiidfci 
Sheet Iron and 
Steel 

B imiiigliam 
Gage for Sheet 
Metils Briss 
Gold Silver 
&c 

Lincashne Gige foi lound Stool Wne and il o 
f i Pinion Wire 

The smallei sizes disiin^-iushed by ITumhers 

The liioGr by Lettois and called theLettei 

Gige 

MARK SIZE 

MARK SIZI 

MARK SIZE 

MARI SIZE 

MARK 

SIZI 

0000 — 454 

1 — 004 

80 — 013 

40 — 096 

A 

-234 

000 — 4^50 

2 — 005 

79 — 014 

39 — 098 

B 

-238 

00 — 380 

3 — 008 

78 — 015 

38 — 100 

C 

-242 

0 — 340 

4 — 010 

77—016 

37—102 

D 

-2i6 

1—300 

6 — 012 

76 — 018 

36 — 105 

E 

-250 

2 — 284 

6 — 013 

75 — 019 

35 — 107 

F 

-■>57 

3—259 

7 — 015 

74 — 022 

84 — 109 

a 

— 261 

4 — 238 

8 — 016 

73 — 023 

38 — 111 

H 

-206 

5 — 2>0 

9 — 019 

72 — 024 

32 — 115 

I 

— 2/2 

6 — 203 

10 — 024 

71 — 026 

31 - 118 

T 

-2/7 

7 — 180 

11 — 029 

70 — 027 

30 — 1^5 

K 

— 281 

8 — 165 

12 — 044 

69 — 029 

29 — 134 

L 

— 200 

9—148 

13—0 6 

68 — 030 

28 — 138 

m: 

- 295 

10 — 134 

14 — 041 

67 — 031 

27 -111 

N 

^30^ 

11—120 

15—047 

66 — 032 

26 — 113 

0 

— 310 

12—109 

16—051 

65 — 033 

25 — 146 

1 

— 

13 — 095 

17-0 7 

64 — 034 

24—148 

Q 

0 

14 — 083 

18 — Obi 

63 — 035 

23 — 150 

H 

— 339 

16 — 0<2 

19—064 

6^ — 0-16 

22 — 152 

S 

— 318 

16 — 065 

20— 067 

61 — 038 

21 — 157 

L 

— 358 

ir — 0u8 

21 — 0^2 

60 — 039 

20 -IbO 

U 

— 368 

18 — 049 

22— 074 

59 — 040 

19 — 164 

V 

— 3/7 

19 — 04^ 

23— 077 

58 — 041 

IS -167 

w 

— 3S() 

20 — 03o 

24— 0b2 

p7_-042 

17 — 109 

X. 

— 397 

21 — 032 

25— 095 

56 —044 

16 — 172 

Y 

— 404 

22 — 0^8 

26—103 

55- 050 

15-~~-17o 

Z 

— 413 

23 — 025 

27—113 

54 — 055 

14 — 1/7 

A 1 

— 4>0 

24 — 022 

28—120 

53 — 0g8 

13 — 180 

B 1 

— 431 

25 - 020 

29 — 121 

62 — ObO 

12 — 185 

C 1 

— 443 

26 — 018 

30 — 126 

51 — 064 

11 — 189 

D 1 

— 15> 

27 — 016 

31—133 

50 — 067 

10 -190 

E 1 

— 46'> 

28 — 014 

32—143 

49 — 070 

9 — 191 

1 1 

— 475 

29 — 013 

33—145 

48 — 073 

8 — 192 

O 1 


30 — 012 

34—148 

47 — 076 

7 — 195 

H 1 

„ 494 

31 — 010 

35—158 

4b — 078 

6 — 198 



3 —009 

36 — 167 

45 — OSO 

5 — 201 



33 — 008 


44 —084 

4 — 204 



34 -007 


43 — 086 

3 - 209 



35 — 005 


42 — 091 

2 — 219 



36 — 004 


41 — 095 

1 — 2z7 
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1 The fii St column of the tal 1e refers to the ga^e tised fc r most Lin Is of w ii e and 
IS thence called for the sake of bieYity the W tl ga fe although it is also know n 
as the Bn mznghamwue gage the Biimi'nrjhamnon wd e gage and the 
lion gage dhi gage yIiicIi is specified in the column of the table headed sccti n 
one IS the most common of the thiee piincipal 1 inds and is employed not only foi 
iron wiie as its name implies hut also foi biass and itherwnes foi black st el 
•wiie al 0 for sheet non sheet steel and \aiious other mateiials and 111 ewi c f( i 
some manufictined worl s including sciews for joineis use 

On icftrence to the txble it appears the lai"cst notch of the Birmingham non 
"Wire gage is maiked 0000 and measures 454 thousandths of ai inch or tenth 
of an inch nearly and further that the smallest notch maikel 36 messui s 
4 thousandths or the 1 25()th part of an inch Although this gage seems only ^ > 
possess 40 terms in leality not less than 60 si es of wire are made as mteim diitc 
sizes are in many css added and occasion II3 although the sizes are letamed 
their numheis aie vaiiou I3 al ei d thu 

The sizes of wiics drawn foi m inuf actuiiii'^’ needUs coircspund with s me of the 
ordinal} wire sizes hut the numbeis aie dillei(.iit thus ‘N'o 1 of the needle w 11 c 
a^jie s with 18^ of the LirmiUoham wiie gages as heie shown — 

Needle wiies Nos 1 2 S'* o 4 5 anfi thence to 21 

And Liinunj^hain wire gage hos 18^ 19 1^' 20 ^1 2^ nd thence to 3S 
Aie respeccnel} aide 

Sometimes hslf sizes of both sene aie inteipolated and the minufictuud 
needles when bought and soli ire designated by another scuts of numltis 
umchted to eithei of these wiie si es 

In the wire used foi the stiin^ jf i iino f irtes the sizes nowcominonl) u ed ai c 
known as Nos 6 to 20 and these agiee ver;} neaily with the si/es and hah si i s ol 
some of the notehes of the Li miiigham wiie gages as follows — 

Music wires Nos 6 7 8 9 10 11 12 It 16 18 ‘*0 

And Bn min hamwiiegage \os 26 ^5* 2.^ 24^ ^4 - 23 2 21 20 19 

Al e 1 espectively aid e 

The numhei 6 01 the thinnest music wire now commonly used measuies about 
the fifty hfth pa t of an in h m diameter and the No 20 01 the tlncl est measmes 
about the 25th of an inch 

liano fortes weie foiineily always strung with biass wiie but steel is now ihiK 
employed and they me shmnj miivliheainn 01 tin 1 ei w le ueempb^ed fitii 
■which cause the numbeis 1 to 5 have probably fallen into disuse liie eov 1 1 


ISwnilcis Ni mills 
f th ( f 11 0 
fe s Wn e C i c 


25 — 0000 
23 — 000 

2 > — 00 
21—0 
17 — 1 

15 — 2 


N iml ei Nimleis 
Itlo c±tl 
scie Wiie Gig 


14 3 

12 — 4 
11 — 5 
10 — 6 
9 — 7 
8 — 8 


ISTuml ors Nunil oas 
ol tl e 1 tl c 
baevs 'WicGi^o 

7-9 
6 — 10 
5 — 11 
4 — 12 
a — 13 
— 14 


Null! CIS INi 1 1 
f tl i tl 

fee t ^\ i ( 


1 — 15 

0 — If) 

00 — 1 / 
000 — lb 


stimgs aie of steel upon which a fine coppei wnc is S|nally wound nnd in \ 1^ 
shoit stimgfe as those of Mr Pipe s Console Iianofoites anil some otliiis t\v > 
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coveiing wiies aie used that the hulk of the doubly coveied strings may comp n 
sate for then want of length 

The manufacturers of the patent screws made from iron wire for joiners use 
also give the intenals of the wnc gige a new system of numbers Thus in the 
annexed table the left h ind columns shew the numbei of the screws the n^^ht 
hand the numbers of the wiies fiom which they aie respectively micle 

Examples of other and simihr conversions of the numbers nii^ht be shown but 
which would only seive fuither to illustiate the iiiegiilaiity and arbitiaiy natiiu 
of giges used m the mecliiiiicil an 1 othei aits 


2 J/ie second rolnmi (ftht t ihh page lOlo refei s to the gage emdojedfoi mo t 
of the sheet mctils (excepting, non and steol ) namely coppoi briss gilding metxl 
gold silvei jhtiuum iliia gi^e is cilled the I nmuuftani i ukd e^aejt an I 
foi bievity simply the Mutal gmjt oi the flatogage m contradistinction i > 
the It it e gLigc specified in the hi st column of tlie table 

The intervxls in the metxl or plite gage aie closei or smxller than those of the 
wiiegxge Thus the No 1 which in this senes is the smcllest sized notch is 
4 thoiisxndths or the ^ 0th put of an inch wide whilst the largest notch oi db 
measnies 16/ th u 'ludths oi is evilently meant foi the sixth pait of an inch 
V\ hen thicl ei metils aie wmted then m a iiies aie sou lit in the riimmo-him 
wne gage thus the 36 on the i late gxge noiily agices with the 8 on the wne g i c 
andtherefoic the numbei s 7 6 5 to 0000 of the lattei aie then emi^lojecl toi 
thiokei mctxls thin cxn be mtasuicd bj the 1 1 itc gig Fiequontly the pi itc 
ends at 21 which niimbci agrees with 11 of the wiic f^ago and thin the nnmbcis 
13 12 11 to 000 of the 1 xttei iic simil uly losoi ted to f n thicl ci met ils iht e 
combinations of cIifFcrent scucsof numbers lunnin^ in leveiso oideis aie evidently 
liiblc to load to confusion 

Ihc mctlnd in which sheet metxl aic coinmcicixlly d sciilcd also picscnt 
much 'vaiiitioii foi instance me liis x ^a^^c thus con tibub d — 


Sheet me Nos 6 7 S 0 10 11 P 1 3 11 K h ) 
3 llitct,io^Nos 4 4' 5 0 7 b <) 10 11 12 13 J 


iioncaily ilil c 


These thin slucts of zinc which mcxsuio onlyfioiu one t) xbout foin hun 
diedths ot an inch thicl aie puucipilly used fui guttois loofs and snull w > 1 s 
manuUctured with the lumuioi 

Thickei zinc plitcs oi those fiom about 5 to 18 hundiedtliR thicl and winch no 
used for zmcogiaphj do n plites xnd engi uod woiks xie commonly made t > the 
notche 18 to 7 of the Bnmin^ham Wnc G xgc without altciation of the numbei s 
but which lun the rcvcise way of those oi the otliei sciics used foi /me 

Sever il of the mctxls aie cstimitcd by the weight of c\ciy supoificiil foot ni 1 
that the nioiee pecully when the value of tho matciiil m the sheet exceeds tlu 
\aluc of the labour iltciwaids expended up m it m con\ citing tho metxl to its 
intended pmp sc thus 

Cast ind milled lead aie both desenbed as of fiom 4 to 12 pounds to the supii 
ficial foot the vaiiation being one pound to tho foot 

Coppei smiths xnd bii/iem do not icl iiowledge the plxte gage it xll but iccl u 
their metal as fioui about 3 to 5() pounds to the sheet tho sheet measmes ^ feet 
by 1 feet and therefore eontuns 8 supeihcul feet 

1 he precious met xls aie sometimes estiin ited as of so many ounces oi pi run 
weight txoy to the supiilieid foot xnd it will be hcioxftei shown how by xid ot 
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the proposed scheme derived from the decimal suhdivibion of the inch the cone 
spondence between the rehtive weights and thid nesses of metals may be critically 
ariived at with great simplicity 


TJiethiid foiiHli and fifth columns of tJietaUe pa^e 1013 constitute one senes 
of giges employed exclusively foi the biij^ht steel w ii e propai ed in Lancashue 
and the steel pinion wire for watch and clochmakers 

Ihe smallest notch of this senes is called No 80 and measmcs 13 thousandths 
of an inch or about the 80th of an inch and the first pait of this series continues 
unto No 1 which measures 227 thousandths or neaily one quarter of an inch 
The steel wire gage apparently ended at this size in the first instance but has 
since been extended by a second series to the diameter of 4 94 thousandths a mea 
suie doubtless intended for half an inch In oidei to avoid the confusion attendant 
upon two series of numeials meetm<> at zero in the midst the larger sizes are dis 
tinginshed by the letters A to Z and these terms are then continued under the 
denominations A1 Bl, Cl DltoHl which litter size is the lirgest and mea 
siires 494 thousandths of an inch as shown by the table This second pait of the 
Lancashire wire gage is cilled by way of distinction the Zctte? gage 


Many other gages of arbitiary chaiacters came to the author s knowledge in this 
inquiry seveial of which are applicable alone to paiticular tiades amongst these 
may be mentioned the rod iron gage the nail rod gige the button mil er s gage 
others used in watchwoik and the gage used by gun makeis foi the boies of guns 
and rifles three of which gages aloi e will be desciibed 
The lod iron gage employed by Messrs Bradleys and some other non masteis 
and also by Messrs Stubs for steel has measures derived fiom the division of the 
inch into 8ths and 64ths as follows — 


MESSRS JOHN BRADLEY & CO S ROD IRON GAGE 


No 

Iiicb. 

No 

Inch 

No Inch 

No 

Inch 

00 

— 1 

5 

— 

11 — 4 

17 

1- 

0 

— 

6 

— 

12 0 

18 

1, 

1 

5 

7 

a 

13 , 

19 

1 

2 


8 

— 

14 1 

20 — 

L 

3 

T 

9 

— 

15 1 



4 

a 

10 

— 

16 1 




MESSRS JOHN 

BRADLEY 

& CO b NAII KOD GAC E 


No 

Inch 

No 

Inch 

No Inch 

No 

Inch 

00 

— J 

IV 

1 

4 

7 

i 

OOJ 

0. 

2 

1 

4\ 

8 

0 

— i 


(jT 

5 „ 

9 

7 

Oi 


3 

i 

54 

10 — — 


1 


3i 

' 0 

6 

11 

1 
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It will be peiceived that tlie intervals from OOJ to 3^ are the 64th of an inch 
from 4 to 11 the 32nd and above 13 the diffeiences are g of an inch This mode 
although systematic is objectionable as there is no evident relation between the 
numbers and their corresponding measures and theiefore both have to be im 
pressed upon the mind 

In guns of most kinds the weight of the balls determine the denominations of 
then respective si/es 1 hus it is u ell known that heavy guns or ordnance ai e na med 
6 9 12 to 68 pounders from having holes respectively suited to iron shots of those 
respective weights the boie is always th larger mdiametei than the shot the dif 
feience being 1 nown as windage The sizes of the bores of moitars and modern gnus 
intended for hollow shot are designated in inches as 8 10 13 inch mortars Ac 

In rifles and fowling pieces the diameters of the bores designated as No 1 2 3 
4 5 &c aie the diameters respectively of leaden bullets oi spheres of which 1 2 
3 4 5 Ac weijjh exactly one pound avoirdupois and as the subject may have 
an interest for some of the readers of this volume the following pai ticulars of the 
weights of the balls in grains and of the diameters both of the halls and of the 
barrels in hundredths of an inch are transcribed from Mr Wilkinson s gage which 
he has constructed with great care 


MR WILKINbONS GAGE FOR RIFLES AND FOWLING PIECES 


N m 
bei 

Diameter of 
Boio 
in 

Hundiedths 

Weight 

Leaden 

Lullet 

in 

Grains 

Num 

ber 

Diainetoi of 
Boro 
in 

Hundredths 

We ght 
of 

Leaden 

Bullet 

in 

Grains 

Num 

boi 

Diametei of 
Bore 

11 

Hundiedths 

Weight 

of 

Leaden 

Bullet 

in 

Grains 

5 

98 

1400 

15 

70 X 

4661 

25 

60 X 

280 

6 

93- 

16t)6f 

16 

69- 

4374 

26 

59 X 

269„ 

7 

89 

1000 

c 17 p 

67 X 

411 , 

27 

59 

269 V 

8 

85 

876 

18 

66 

388, 

28 

58 X 

250 

9 

81- 

777’ 

19 

65 X 

368 « 

29 

58- 

241 

10 

79 

700 

20 

63 X 

355 

30 

57 

23 } 

M 11 JE 

77^ 

638 

21 

63 

333} 

31 

56 X 

225 

12 

75 X 

683J 

22 

62 X 

318 

32 

o6— 

218i 

18 

74- 

53bl, 

23 

61 X 

304 8, 




M 14 s 

72- 

500 

24 

61 

291| 





From the perusal of the foregoing paitieulars of nnmeious gages employed in 
different branches of mechanical art it will have been seen that little analogy on 
tho one hand but great confusion on the other exist m such of the gages as have 
been referred to and the authoi will now briefly state the lemedy he would sug 
gest to obviite the difticulty m the most simple and mexjiensive mannci 


rh( 'icmahj poposed foiemo'ic the aihihmy mcoTigiimtis ’^ysUmoj- gnge‘i nowuwd 
IS simply and m everyone of the cases above lefeiredto in d also in all otheis 
requiring minute measures to employ the decimal diimons of the inch and t/iohe 
linden tkein tn iic appellahons 

Thus for most pm poses the division ot tho inch into one hundred paits would be 
suflieienily minute and the measuiesl 2 5 10 15 oi 100 bundled ths would be also 
Buflieiently impie sive to the mind their quantities might be wiittendownas 1 2 

3 u 
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5 10 15 or 100 hundredths as the decimal mode of expression might if preferi ed be 
safely ibaudoned and the method would be abundantly distinct for common use 
if the word Hundredths were stamped upon the gage to show that its numerals 
denoted hundiedths of the inch quantities which could be easily verified by all 
It does not follow that the entire hundred notches should be at all times used 
as in many cases it might suffice that below 20 hundredths eveiy size should be 
employed —fiom 20 to 50 hundredths every alternate size— from 50 to 100 hun 
di edths eveiy fifth size As at piesent also the upper or lower part of the seiics 
of terms might be omitted to any desired extent in those cases where they weie 
bovondthe particular wants of the artizan or the particular branch of tiade in 
01 dor to lessen the bulk and expense of the gage 

It may be objected to this scheme that for the more valuable metals and the 
moie mmuto pui poses the quantity of the one hundiedth of an inch is too coarse 
a difference Two facile modes of lemedy may be heie ipplied The fiist to make 
half sizes thus 8| or 8 5 would of course denote the medial interval between 8 
and 9 hundiedths Or secondly and prefeiably below one tenth of an inch a 
finer scale mi^ht be substituted foi the moie minute and delicate purposes namely 
ag-ige bised in piecisely the same mannei on the thousandth of the inch as the 
unit which would give a much finei de^iee of subdivision than is affoided by any 
of the aibitraiy gigts in genual use m this case the intei vals being derived from 
the thousandth of an inch the woid Ikousmdths should be stamped on eveiy 
such g ige 

111 pi actice no difficulty could be seuously felt even without this piecaution of 
mail lilt, the gages respectively with the word Hundiedths or thousandths as we 
should not more readily mistal e 5 thousandths foi 5 hundiedths than we should 
5 tont'hs or half an inch for 5 whole inches or 5 entire inches for as many feet 
Neither IS it to be admitted that no such gages aie attainable as may be lead off 
in hundiedths oi thousandths The demand would immediately create the supply 
and thtio could be no moie difficulty in constiucting tfie gages of the customary 
foi ms with notches made to systematic and defined measures that may he easily 
at i lud at or tested than with then present unsystematical and at hiU aty measures 
uluch do not admit of vei ijicati on 

besides for those who desiie to possess them several very correct decimal gages 
all cady exist amongst which may be cited the decimal sector gages long since 
recommended and published by the Society of Aits hdiubuigh and various 
8 with vcinieis some to read off m hundiedths and finer ones m thou 
sindihs of tho inclg all of which have been long and constantly used in the 
auilioi B mmnfacioiy 

To those may bo xddccl— I aRivibio s gage modified and enlarged from that used 
for tho bilanco spnngs of watches amongst tho Geneva watclimikers — Chater 
and II lyw lul s gigo foi sheet mctils and glxss -Walkoi s gage foi Bheet non — 
Whitwoiths mieiometci gigo and others— which may he severally read off to the 
thonsxnclth ot tho inch iiid oven moie minute quantities and amongst which 
kinds suIlKient choico exists foi almost eveiy puiposc 


rhe adumtages (fined hy (his P'1 ojgosed application of decimal mcasmes appear to 
be immoious xnd coiisidciable the more especially in those cxscs of small moasun b 
wluie die 01 dm XI y WHO gxgm on the one hxnd and thecoxiso division of ordinal y 
to t luh s on the ( Ihei, xic obviously msufheient foi accmaic pin poses Amongst 
the 0 xdy xiit xges nuy be enumciatul the following 
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The pioposed decimil scheme would introduce one umveisality of system i itel 
ligible alike to all instead of the numerous and nieguhi measures now used which 
are but paitially and indifferently known and lead to ficquent mistakes 

It \\ ould give a supei lor idea of particular magnitude and enable the theoi etical 
and practical man to pioceed with so much moie decision in their respective 
communications 

In conveying verbal or wiitten insti notions the system would be in eveiy wiy 
supeiioi to the usuxl methods as bung almost fiee fiom the chance of misundu 
standing moie especially as some of the decimal sliding gages aie so small as 
hardly to take up more loom iii the pod et than an oidinaiy penknife and might 
be theiefoie continually within leach for refeience 

When certain objects are lequiied to be so inopoitioned as to constitute a seiics 
the intervals between the decimal measures would be fai moie easily an inged and 
appreciated than those of vulgar fractions and if calculation weie relencd to the 
decimal figures especially when divested of the decimil point and the zeios to the 
right of the same would be immediately intelligible to the least infoimed from 
being then no moie m facb than simple numerals 

Quantities expressed decimally would be moie easily wiitten down and more 
exactly defined than the compound fractions such as J and ^ of an inch — or than 
the still more obscure method of I of an inch full or as the case might be, 
which latter neaily sets all attempts at exactness m defiance 

The smaller aliquot fractions of the inch such as the ^ ^ ^ of an 

inch although in themselves very precise do not fiom their natuie so leadily 
admit of defi.nition or comparison as the quantities 2 S466789 oi 10 him 
dredths of an inch beciuse in the vulgar fiactions every one has a specifit 1 elation 
to the inch whereas the decimal terms have one general 1 elation decimils bung 
sometimes considered as the numeratoxs of fractions all having the constant deno 
minator unity or 100 1000 &c and therefoio the latter oi the decimal terms 
constitute a simple arithmetical senes or one m which the mteivals are alike but 
thib IS not the case with vulgai fi actions 

It would bung all foreign measures luthm 10 ich of oui wor] shops 1 or example 
in the United States of America and Russia Lnglish mcasuie is employed and no 
difficulty would bo felt in ref u ence to tlicso countries And as m ost of the N ition il 

Toot measures are more than 11 inches I nglish and less than Id oven if they are 
consideiedfortho time as equal to our own foot and without any adjustment being 
attempted the aveiage error would not exceed about five pei cent And furthu 
when two of Holtzapffell and Co s engine divided scales the one of the particular 
foreign measure and the other of English inches are 1 ud side by side they show 
visually as on a slide rule the conespondcnce between any qu mtity of such foicign 
measure with our own as more fully expl lined m the authoi s pam])likt On a 
New System of Scilcs of J qual Paits m which this and numuous othci unplo} 
ments of scales of equal paits aie tieated at length 

The decimal scheme would allow the exact weight in every supei ficial foot of 
sheet metals and other substances to be reidily airivod at — Thus as a cubic foot 
of water weighs 1000 ounces troy the specific gravities of lead copper silver &e 
denote at the same time how many tioy ounces aie seveially contimtd m ono cubic 
foot of tbe same The specific gravity divided by 1200 gives the weight of i p] lie 
or film the ono hundicdth of an inch thick and thence a tilde miy be iculily 
computed hj addiUoii alone to show the weight of xdites of my tliiel ness in tioif 
ounces 

Ihose calculations would be correct it once foi goll md sihi 1 as flu sc nu iiL 



1020 


APPI1^DIX ^KOTE BM 


are estimated by troy weight but for other substances requiring avoirdupois 
weight the numbers expressing the specific gravities of the substances must be 
previously altered by one of the usual methods namely either by multiplying them 
by 192 and dividing the product by 175 numbeis which represent the ratio be 
tween troy and avoirdupois ounces or else instead thereof the specific giavities 
of substances may be multiplied by the decimal constant usually employed for 
effecting the same end 

In this method also constant multipliers may be i eadily found foi thus deter 
mining from the specific gravities of the several materials the exact thicl nesses of 
plates or sheets of the same which shall precisely weigh one ounce or one pound 
either troy or avoirdupois as may be required This has already been done by Mi 
Hayward as regards crown glass for assuming its specific gravity to be 2 52 
when the glass is of the thickness of (or one tenth and a half nearly ) it 

weighs 32 avoirdupois ounces to the supeificial foot and thence by Mr Haywaid s 
calculation are obtained the following numbers — the first line denotes the weight of 
crown glass in ounces in e\ ery superficial foot the s cond line the coi responding 
thicknesses in thousandths of the inch ranging from about 5 to 152 thousandths — 

^ 2 4 8 12 16 20 24 28 S2 ounces 

Measures 00476 0095 019 038 0571 0762 0952 1333 1429 1524 mcli 

The above and the intermediate terms are sometimes engraved on Messrs Chater 
& Hayward s gages alongside of the line of graduations which denotes thousandths 
and at other times instead of the weight per foot are engraved divisions indicative 
of the 8th 9th 10th 11th 12th &c of the inch which quantities are of course 
obtained by simply dividing 1000 by those lespective numbers 

Tables might m the above manner be very rcadilv computed that would show 
the weights in every superficial foot of the metals and other materials for all defined 
thicknesses and also other tables for showing how thick the metals should be m 
order to weigh exactly so many ounces to the superficial foot 1 hese matters could 
he also arrived at by the employment of scales of equal parts laid down in the pro 
portions of the specific gravities of the substances and m the opinion of the author 
they could be woiked out with even gi eater simplicity and universality by a 
decimal propoitional instrument he has some time since contrived which is appli 
cable to the visual development of all ratios that ha\e refeience to decimal anth 
metic including those of interest discount profit and other calculations to which 
the term Pei Cent is applied 

hi conclusion the author begs to add that he does not suggest any alteiation 
whxtever as ic gat ds those mea&uies for which the dnision of the foot rule into 
eighths and sixteenths may be found sufficiently piecise ind minute But he w ould 
ask whether for more minute measurements greater convenience and distinctiveness 
would not result from the general employment of measuies expressed m huudiedths 
of the inch than fiom the employment of the many gages for specific uses the sizes 
and numbers of which aie entirely devoid of system and which gages may be con 
sidered as unknown beyond the particular trades in which they are employed 

How confusing would it be if the measures by winch broad cloths linens cottons 
silks velvets carpets and other textile fabrics are manufactured and sold were all 
different instead of being uniformly the yard measure and yet this incongruity 
fully applies to the larious articles whose measurements aie described under the 
mystical names of iV^mSer 8i e Gage and other appellations which assume 
values m difeient blanches of manufacturing art , as for example m the vaiious 
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kinds of slieet metals various kinds of wires in tubes 3 oinois sciews and vast 
n umbel s of small manufactured articles the various sizes of wbicb are aibitiariljr 
designated as Nos 1 2 3 4 &c 

Why not m all these branches of trade describe every thing measuring ’^th of 
an inch as No 10 those of ^^ths inch as No 30 ^ and then in sets of objects 
1 equired to be nearly alike the succeeding numbers could be 31 33 34 35 36 

&c or if fewer and wider variations were wanted the senes might be 32 34 36 
38 40 or else 35 40 45 50 55 Every tiade could select any poition of the 
senes it might require both as regards general maoiiitude and the gi eater or less 
inteivals between the izes and with the power of adding to or subtracting from 
the scale first elected as circumstinces might suggest 

But there should be one common understanding that the commei cia I or 

sizes when different from the measures of the foot rule should be alwaj s under 
stood to be hundredths of the inch (m some rare instances thousandths ) as then 
from the unity of system no confusion oi difficulty could possibly arise 

It may be true that some of the proposals having refei ence to the weights of 
mateiials in the supeificiil foot the coiiespondences with foreign mcasuies and 
some of the piojects principally intended for the purposes of science may not be 
required in every day pi actice but still much remains in the system that in the 
opinion of the authoi would admit of veiy easy introduction and most general 
and satisfactory employment 

In respect to the piactical application of the method of decimal divisions as 
regards mechanical construction the author can speak most satisfaotoiily fiom, 
some years experience in his own manufactory as he has found it to be most 
r adily followed by liis workpeople and also that it has avoided fiequent and 
vexatious misunderstandings to vhich before its adoption he was fiequently sub 
jected from the want of a more minute and specific system of measui e than is 
afforded by the common foot rule and wiie gages 

rherefoie from conviction of the usefulness and practicability of the decimal 
system of measmes for small quuitities he would most stron^^ly urge itbgenerxl 
01 indeed universal adoption xs above proposed the more especially is it is a 
chinge th it would be attended with very little tempoi iry inconvenience oi expense 
ciicumstinces which gieitly retard all attempts it generalization 

Note BN —To follow the paragraph ending the nhbon saio^ page 751 
(Mr Bodmei s Patent f<yi Locomotive Wheels ) 

Mr Bodmer s Patent mode of constructing the inner and outer tn es of locomotive 
wheels and other annular objects, might serve for making m one piece the 
riband saw spoken of at pa^e 751 and also the ciown saws represented and 
desciibed fig <97 pages 802 — 3 

In making the tires of locomotive wheels the first course is to prepare a mass 
of wrought iron of the appopnate weight and with a central hole this rude 
annular piece of iron when raised to the welding heat is inserted between a pan of 
rollers that overhang the bearings in which they work The one i oiler is placed 
within and the other without the piece of iron which however irregular is soon 
thereby reduced to an equal section throughout when the rollers ai e set m motion 
and a third roller placed m the path of the nisccnt hoop or tire gives it a fo m 
almost as truly circular as if it had been turned m a lathe The three rollers 
ensuie ciiculanty in the tire upon the same piinciple that is employed m the three 
bending 1 oilers, see fig 232 page 389 Yol I 
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Note BO page 803 — To follow the third paragiaph 
{M'i JB[ai vey s Patent Gmvilineai Saws) 

Mr Harvey took out a patent in June 1845 for an adaptation of tlie cylmdiical 
or crown feaws desciibed m pages 800 to 803 by which they may be applied to 
works of indefinite length The hoop constituting the saw is attached to a disk 
mounted on an axis but the disk only extends ovei of the circumference leaving 
exposed for the passage of the wood and the saw instead of receiving con 
tinuous circular motion as before is now recipiocated by a crank throUoh a few 
degrees only of the circle so that the wood sawn off may pi oceed thi ough the 
aperture between the saw and the disk which apeiture somewhat resembles the 
space between the spokes of a wheel having three ai ms and a very thin fiat rim 
The square log fig 1025 is mounted on centeis upon a drig or slide fitted with 
rack pinion ratchet and detent as usual for feeding the cut so that the log is 
pi esented with its four angles successively and the exti erne edges having been first 
sawn off with an ordinary circular saw also attached to the machine the four 


Fig 1025 



Fig 1026 



annular sections a a a a are first removed from the four angles then four larger 
b b b h with a saw of greater diameter and afterwards four others c c c c the 
nucleus e is then sawn m two and the several pieces when recombined produce the 
mast of the section fig 1026 which is said by the Patentee to be much stron^ei 
than any mast or spar consisting of a single piece of timber 

The inventor also proposes to apply the saws to short works such as chair backs 
and brushes but which may be apparently better produced in the old drum saw 
which acts more rapidly from receiving continuous motion — he also proposes to 
cut pieces of double curvature or of the ogee form by the emxfioyment both of the 
inner and outer surfaces of the cylmdiical saws accoidmg to circumstances See 
Mechanics Mag 1846 Vol 44 p 18 

The reader is referred to Note BN which suggests a new mode of constiuctmg 
cyUndrical oi crown saws 


Note BP page 827 to follow the paragraph ending ‘ fast by each foot 
{Cutting the teeth near the ends of Jiles ) 

To this paragraph it should have been added that in cutting the ends of the files 
winch parts must necessarily be laid at the time upon the anvil the opposite cud 
of the blank is supported upon a wooden pi op of the same height as the anvil and 
the straps arc plated in the middle of the length of the file 
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Note BQ to follow the first paragraph page 839 
{Ml Michael Kelly s Qubannhett ) 

Mr Michael Kelly s Oiianiiett represented in figs 830 and 831 was rewarded by 
tlie Society of Aits in 1845 and the instrument has been successfully applied to 
SdapiDo zinc plates for tbe process denominated Anastatic Printing invented in 
Germany and P itcnted in England by Mr Joseph Woods By this ingenious art 
im]!! ossions imy be made by the tiansfei piocess from any even the earliest 
printed works and engravings piovided any portion of the oil still remains in the 
ink 


Note BR page 841 to follow the paragraph ending ^ are not at present used 
{Imenton of vanons file cuttmy machines ) 

Since the article on File Cutting Machines was written the author finds that 
Thiout was not as he had supposed the inventor of the first machine for cutting 
files as in the Memoir on the subject by M de Montigny read before the Com 
iniitee of Coninieice in 1778 the following were noticed as the more important of the 
machines invented for cutting files — namely that constructed by Duverger in 1699 
—by Fardouet 1725— by Thiout 1740— by Brachat et Gamam 1756— and by 
Yauchei 1778 

To these machines aie to be added those subsequently made by Raoul in 1800— 
and by Pricson in 1836 See Article Limes (Vol 12 p 289 of the) Dictionnan e 
TtchnoloyiquedesAHs et Metien Pans 22 vols 8vo and 2 vols Atlas 1822—1835 


Note BS — Referring to page 299 of the First Volume 

During the peuod in which the last sheet of this appendix was being printed 
Mr 1 laj lor kindly pointed out to the author that in the t abk for converting 
decimal piopoitions into divisions of the pound avoirdupois inseited on page 
ol the fust volume a cleiical enoi had been committed fiom the subdivisions of the 
avoirdupois ounce having been considered to consist of 8 diams as in apothecaries 
weight instead of 16 as m avoirdupois weight 
Ihe author much regrets this oversight which aiose from the circumstance of the 
avoirdupois ounce being rarely subdivided in common use more minutely than into 
halves or quarters and he inserts overleaf the coriected table, which Mr Taylor 
has been kind enough to calculate foi this work 
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Into Dnmons of the Pound Aioii dit'pois 


D cimal 

oz 

di 

Dec mal 

oz 

di 

Decimal j 

oz 

d. 1 

Dociroal 

07 

di 

30 


1 

12 S9 

2 

1 

25 39 

4 

1 

37 85 

b 

1 

78 


2 

13 28 

2 

2 

25 78 

4 

2 

38 ^>8 

b 

2 

1 17 


3 

13 67 

2 

3 

26 17 

4 

3 

38 67 

6 

3 

1 6b 


4 

14 06 

2 

4 

26 66 

4 

4 

39 06 

6 

4 

1 95 


6 

14 45 

2 

5 

26 95 

4 

6 

39 15 

6 

5 

2 34 


6 

14 84 

2 

6 

27 34 

4 

6 

39 84 

6 

6 

2 73 


7 

15 23 

2 

7 

27 73 

4 

7 

40 23 

6 

7 

3 13 


8 

15 62 

2 

8 

2b 13 

4 

8 

40 62 

6 

8 

3 62 


9 

16 01 

2 

9 

2b 52 

4 

9 

41 02 

6 

9 

3 91 


10 

16 41 

2 

10 

28 91 

4 10 

41 41 

6 

10 

4 30 


11 

16 80 

2 

11 

29 30 

4 


41 79 

6 

11 

4 69 


12 

1719 

2 

12 

9 69 

4 12 

42 19 

6 

12 

6 08 


13 

17 58 

2 

13 

30 08 

4 

13 

4^5 54 

6 

13 

5 47 


14 

17 97 

2 

14 

30 47 

4 14 

42 97 

6 

14 

6 86 


16 

18 o6 

2 

15 

30 86 

4 

15 

43 36 

6 

15 

6 25 

1 

0 

18 76 

3 

0 

3125 

5 

0 

43 7o 

7 

0 

6 64 

1 

1 

19 14 

3 

1 

31 64 

5 

1 

4414 

7 

1 

7 03 

1 

2 

19 53 

3 

2 

32 03 

5 

2 

44 53 

7 

2 

7 42 

1 

3 

19 92 

3 

3 

3^42 

5 

3 

44 92 

7 

3 

7 81 

1 

4 

20 31 

3 

4 

^ 32 81 

5 

4 

45 31 

7 

4 

8 20 

1 

5 

20 70 

3 

5 

33 20 

5 

5 

45 70 

7 

5 

8 69 

1 

6 

21 09 

3 

6 

33 59 

5 

6 

46 09 

7 

6 

8 93 

1 

7 

21 48 

3 

7 

33 98 

5 

7 

46 48 

7 

7 

9 38 

1 

8 

21 88 

3 

8 

34 37 

6 

8 

46 87 

7 

8 

9 77 

1 

9 

22 27 

3 

9 

34 69 

5 

9 

47 27 

7 

9 

10 16 

1 

10 

22 66 

3 

10 

35 16 

5 

10 

47 66 

7 

10 

10 65 

1 

11 

23 05 

3 

11 

35 55 

5 

11 

48 05 

7 11 

10 94 

1 

12 

23 44 

3 

12 

35 94 

5 

12 

48 44 

7 12 

1133 

1 

13 

23 83 

3 

13 

36 33 

5 

13 

48 83 

7 13 

11 72 

1 

14 

24 22 

3 

14 

36 71 

5 

14 

49 22 

7 14 

1210 

1 

15 

24 61 

3 

15 

37 11 

5 

15 

49 61 

7 15 

1250 

2 

0 

25 00 

4 

0 

37 50 

6 

0 

50 00 

8 

0 


Ajpflicahon of the fable 

The Climego Packfong similar io oui German silvei accoi cling to Dr Fyfe a 
analysis p i/9 is said to consist of — 


40 4 paits of Copper 

25 4 — 

Zinc 

31 6 — 

Nickel 

26 — 

Iron 


equivalent to 


I 6 oz 7 drams full 
\ 4 __ 1 _ full 

j 5 — 1 — neaily 

V 7 — ncaily 


100 0 Parts 


16 oz 0 ’ — Avoirdupois 
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Note BT — To follow the notes J K L on page 46 of Vol I 
{Ml Joseph Gibhs Patent Carving Machme ) 

Mr Joseph Cibbs patent for improved machineiy for cutting maible wood 
and other substances sealed 12 Nov 1829 was inadvertently overlooked by the 
author when he wrote the notes J K L of this Appendix on the carving machines 
subsequently patented by Irving Jordan and Tomes described on pages 954“- 7 
he now proposes to supply the omission 

A general idea of Mr Gibbs carving machine will be conveyed by imagining the 
model and the copy to be placed on two separate hoiizontal platforms situated one 
above the other the drill and tracer are each exactly vertical and in one and the 
same line but of course in an interrupted line as between them lies the platfoim 
with the model The tracer is it the top of all and rests on the model the drill is 
below the model and rests upon the copy that it is in the act of producing 

It IS next to be explained how the tracei and drill are simultaneously and equally 
moved m all directions over the model and copy which he at rest and this is 
accomplished by building them in one vertical line at the outer edge of a double 
swing frame consisting of two frames or panels which move on joints somewhat as 
a folding door that consists of two leaves jointed in the center a construction 
which also resembles that of the double swing frame used in Brunei s cross cutting 
saw machine see fig 789 page 796 

The two leaves of the swing frame— to boirow the words of the former descrip 
tion — give respectuely the powers of moving the tiacei and dull simultaneously 
f ora Noith to South and fiom East to West In addition to these two motions 
IS a thud for the entire mass of the swing fiame is moveable vercicallj as it slides 
through fixed circular bearings and is supported on a treadle which allows the 
drill gradually to penetrate the woik until the further descent of the machinery is 
arrested from the tracer coming into contact with the model to be copied As m 
Brunei s saw machme and some others the motion of the prime mover is com 
municated by belts or straps reeved on pulleys situated at the two axes of motion 
so that the rambling of the tool does not affect the tension of the hands 

One great application of this machine was to the cutting of the wooden letters 
used for shop fronts several in one pile and in which case a rnetal templet was 
used The machine presented all the elements i equired for the pui poses of carving 
and was used for that purpose but the duplication of the swing frame enfeebled 
the construction and gave rise to more vibration than exists m the subsequent 
machines of Irving Jordan and Tomes which all more or loss resemble Gibbs 
oiigm il machine in principle although severally different iii construction and moie 
efficient in use 
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AND GS etc Etc 

8vo cloth price 2s Qd 


A NEW SYSTEM OF DECIMAL GAGES OR MEASURES 

FOR SHEET METALS WIRES AND SMALL MANUFACTURED ARTICLES GENERALLY 
Including the exact decimal values of the gages now principally used for these 
purposes in the Mechanical Arts Pamphlet 8vo in wrapper price Is 

PRINTING APPARATUS FOR THE USE OF AMATEURS 

Containing full and practical instructions for the use of Cowpeu s Parlour 
Printing Press also the description of laiger presses on the same principle and 
various other apparatus for the Amateur lypographer 

The pamphlet contains likewise numerous specimens of types brass rules 
checks, bordeis ornaments coiners arms &c 8vo cloth price 25 Qd 

HOLTZAPFFEL AND GO’S GENERAL CITATOGUE 

OF LATHES TOOLS AND INSTRUMENTS EMPLOYED IN THE MECHANICAL ARTS 

Stereotype Edition 8vo pp 72 price 6d or free by post 8d 

A BRIEF ACCOUNT OF IBBEISON’S GEOMETRIC CHUCK 

By the LATE J H IBBETSOIS 

Entitled ‘ A brief Account of Ibhetsons Geometric Chuck manufactuied by 
Holtzapffel & Co with a Selection of Specimens illustrative of some of its Powers 
Pamphlet 8vo, in coloured wrapper price 5s Ve7y feu. copies lemaining 
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LIST OF GENERAL CUTLERY, 

OF THE BEST QUALITY PLAIN MEDIUM A^D HIGHLY 
FINISHl D MADE BY 

HOLTZAPFFEL & CO, 

64, CHARmG CROSS, and 127, LORG ACRE, 

LONDON 


POCKET CUTLERY 

CRainpagDe Knnes ChatelniDeKni\es Cif^ar Nail Desk and Erasing KniTes 
Bunting Knives Instrument Kni\es — -with few or many implements — m 
‘'tag 01 Tortoiseshell handles Ladies Knives Pen Knives Pocket Pencil 
Rule Clasp Sailors Pen machine 1 ic me and Masticating Knives 


SCISSORS OF ALL KINDS 

Buttonhole Cutting o it Hair cutting Hoise tiimming Lamp Paper Kitchen 
Whisker and ‘^uigical Scissors 

ladies Scissois Lace Woik ‘^inall “Work Fmbioidery and Nail Scissors 
Foiling Scissois for the Pocket and Chatelaine Cases of Ladies Work fecissois 
containing 2 3 4 or 6 pairs Left handed ‘'Cissors 


RAZORS AND TOILET CUTIERT 

Razors in Ivory Tortoiseshell or Black Handles Guard Razors Flush backed 
Razors Hollow giouiid blade Razors Army I azors Cases of ^ 4 or 7 Razors 
Rcll cases of Hazois andloiletnecessaiies Razor Hones Razor Strops Canton 
Strops Boot Hooks Button Hooks — solid or folding Hunting ditto for Tops 
Com Files Die smg case Coikscrews Tweezers Dental Instruments IS ail 
Nippers Improved Perfect ditto Door Wedges Dumbbells Steel Watch 
Guaids Dog Chains Dog Collars Swivels and Pidlocks 

Locks especially designed for Securing Leather Straps 
Key Rings of all kinds plain or embossed with name and address 


Hunting Knives in Sheaths plain or richly mounted Skean Dhu Knives 
Sliikary Knives Gooika Knives Kookiie Knives Boar and Beir Sptars 
Skinning Knives Alpenstocks Ice Axes Climbing Irons Riflemen s Knives 
I learns lariiers Knives Ca es of larriers Tools Ditt for the Sa Idle 
Hoise clipping Machines Lancets Veterinary Hammer and Hoof Picks 


Si ATE& of all patterns Club Skates Ladies and Stiapless Skates 


CoRKSCRrws Champagne Tap Kippers Hool s and Knives Butleis Coik 
screws Telescope Dressing exse Pocket and Lever Coikscrews Ditto with 
lack and Iimon Cc locket Instrument Corkscrews containing from 2 to 12 
useiul implements Needles P ickmg N eedles btiap Punches Lyelet 1 uuches 
and Gentlemen s Housewives 



HOLTZAPFFEL & CO’S 

PEACTICAL SETS OF PORTABLE TOOLS 

AERA^GED Ilf THE MOST COMPI ETE TORM IN ROLLUP POUCIILS 

SeUcted for Carpentry Canoeists Enginecis Fishei lYien Officers Sportsmen 
Iravdleis yachtsmen and otheis 

The sets of Tools aie of the Best Mateiials and Workmanship the stems made 
all to fit into One Handle to economise space They consist of ChiselH 
Gouges Files Hammers Saws Knives Screwdiivers Hasps Pincers Crow Irons 
Gimlets Lradawls &c In their more simple foim the Pouches contain seta of 
12 18 24 30 or 36 of the above named tools only 

In their more complete form the Roll Pouches contain sets as above but with 
additional loops for a selection of tools which are independent of the handle 
such as— 

Callipeis Cold Chisels Boltnons Diestocks — cutting several sizes of screws 
Drillstocks — carrying then bits in the handle Jointed L)iillboi\s of steel Archi 
medean Drillstocks Cages to measure to the 100th or 1000th of an inch Gimlet 
Randles Hand Vices Oilstones in cases and oilstone slips Oil Bottle with Diift 
Planes of small sizes in gun metal Cutting Pliers Plat Nipper and Round 
I hers Cutting Compasses for Washers &c Punches of all kinds Rules Spirit 
Levels Steel Screw Wrenches Spokeshaves Squaies Sliding Tongs Pm Vices 
Table Vice Watch Tools &c &c 

Many of the above tools especially constructed to combine strength and con 
venience with extreme portability 


Hv-MMEr PTatchefs combining Hammer Hatchet Crow lion Screwdriver 
Fulcrum Lever and Wrench forged m one solid piece 


GAEDEN AND HOETICULTUR \L CUTLERY 

Averunoators Bill Hooks of all kinds Budding Knives Pruning ICnive t 
straight and folding Pi unuig Knives with Saw Pinning Saws Grecian I rumng 
Saws h lower Scissors S issors to cut and hold the flower Grape Gathereis 
Pruning Shears foi the hand Sliding Pruning Shears Ladies ditto Large 
Pruning Shears in long handles Sliding Piumng Slieais in long handles Hedge 
Shears Griss Shears Hatchets Hammeis Hoes Rakes Trowels Daisy 
Rakes Daisy Giubs Spuds Syringes Slashing Hooks &o &o 


Surgical Knives Scalpels Scissors Poiceps Lancets Needles &e 
Pen Holder for enfeebled hand Table Ivmfe and Foik for ditto Rheumatic 
Hammers 

Cases of Instruments for Botanists Oimtliologists Taxidermists and for 
geneial purposes Steelyards Machines foi making Quill Pens 


TABLE CUTLERY 

Bread Knives in Ivory Stag or Wood plain or carved Handles 

Tihle Knives and Dessert Knives m phm Black Horn Handles Bone Handles 
Stag Bom Kindles m Stig Horn Handles with bilver Ferrules and Butts m 
Ivoiy Handles in Ivory balanced Handles m Ivory balanced Handles with. Silvei 
Ferrules &c &c 

Carving Km-ves and Folks and Poultiy or Game Carvers of all sizes to match 
the above 

Trowel shaped or Round of Beef Carvers m Stag or Ivory Cooks Ivnivo 
Steels Knife Shirpeneis &c 

Table Knifo and Pork combined for use with one hand 
Complete sets of Table Cutleiy with or without cases 
Antlers, Tusks, Horns Teeth and other tiophies mounted as an> foim of knife 
Knives engraved with crests monograms &c 






nOLTZAPFFEL & GO’S ENGINE DIVIDED SCALES, 

<|or aEitgiit££rs gircljitats §rrcugl^tsmm 

Every scale is ruled m the Di\idmg Engine on a different slip of Specially 
Prepared Catdboaid 18 inches long the figures and insciiption having oeen 
pi eviously printed dry By this arrangement the confusion of crowded scales is 
entirely avoided and any of them may he applied directly to the drawing or com 
pared with one another without the employment of the compasses and as from 
their thinness they pass under the P square no offsets are required The material 
of the scales and of the drawing paper being identical both are equally affected 
by climate or tempeiature and expand or contract equally togethei 

OEDINAEY DRAWING SCALES 

A series of 21 scales consisting of the usual reductions of the foot viz i \ 

lalHl 22jj34u5 inehes to the foot three lines of inches 
divided into eighths tenths and twelfths and the Lnohsh foot decimally divided 
I he Set 0 / 24 Scales in, case p'iice £1 2s 


CHAIN SCAIES 

A series of 24 scales in Chuns and Linl s viz 1 1^ 2 24 3 4 5 6 7 8 10 12 
IZSo 15 18 20 25 30 40 50 60 70 80 100 chains to the inch 
The Set of Zi Scales in case puce £1 2s 
Singh Scales of anij of the above and of many othei vai leties lept in stock 
puce Is each 

Single Scales graduated to 01 dei 1 1 English 01 French measures on separate slips of 
caidhoa'id inches long price Zs each 
Single Scales of otho measmes giadnatcd to order price 3s each 


CIRCULAR CORVES 

h or Railway Plans and analogous purposes made as arcs of circles of any required 
ladii between the two extremes of one inch md one mile 

Holtzapf-lel & Co cut these cuives m stout cudboard made expiessly for the 
purpose as this inateiiil combines in the most suitable mannei economy with 
ou'v enicnce and per m xneuce ot foim I he convex aud concave edges of these 
ciiivesaie bothmide to the same ladius and they have received the approval 
and perriunent pxtronage of the great majority of the Civil Engineers Architects 
and Purvey 01 s of the United Kingdom 

Ihe usual set consists ot 60 curves of radii incieasi ig 111 due propoition from 1 to 
1 ^0 inches Ihosc ab )vc 12 inches radius measure 3 inches in width and 18 inches 
in leiio h 

H/ic Set of 60 Cm ves in Plain Deal Case p? ice £'^ 10s 
Single Cm ves of any Radius J cpt in stoef pnic I 5 each 
Single Carves of any leqmied lad us in English inches feet or chains Fiench 
mctie iic cut to oidei price 2s each 

INGINE DIVIDED CIRCULAR C\RD PROTRACTORS 

Every 1 lotiactoi is ruled separately in the Dividing Engine around either the 
outer or imiei edge of a flit cardboxrd iing 

Eoltzapffel Co s Caid Proti actors bomg ruled and not printed they possess 
the same accuiacy as well as the othei advantages of the Engine divided Caid 


External Dixmeter — 6 inch 2s 6d 9 inch 3s 6d 

Internal , — 6 3s Od 9 4s 6 d 


12 inch 5s 
12 6s 


rilE ODONTAGIUPH, 

Invented by Professor R Willis A M F R b &c 1 his is an instrument of easy 
aiiplication used toi desciibiUo the teeth of wheels by circular arcs so that any two 
wheels of a set may woik truly together The theoietical explanation of this s^ stem 
ot setting out the teeth ot wheels which has been most extensively adopted by 
piactieal men will be found 111 the lians Inst Civil I ngmeeis vol 11 and in 
■\A ilhs B Principles of Mechxnism 

In Cauiboanl w th tables and insti actions f 01 we tai mshed pi ice os 
In Bi ass with tables and insti uettons for use mounted p)ice£l 10s 



Tins little Printing Press is made of mahogany and stands m the small spa e of 
1 1 by 8 Inches It is e ipable ol niitmg a age / by 0 me les and vvorl s s easily 
that a child may use it on the parlour table A small type case accompanies it 
containing a fount of about 2 jOO types neatly arranged in three drawers with 
appropriate divi ions a fourth drawer serves for the furniture inking tablet &c 
and to these are added the necessary tools so as to render the whole complete 
Should it be required the type case will contain a duplicate supply of type in 
addit on to that usually furnished and which doubles the efficiency of the appar itus 
at a slight additional cost 

The above apparatus is well adapted for the amusement and education of youth 
and also to vaiious applications of the inestimable typogiaphic art to the common 
concerns of mankind 

For example — Companies institutions and individuals have found it convenient 
for circular letters invoices and papers subservient to the dispatch and methodical 
arrangement of business naturalists and travellers for short memoirs of scientific 
researches or labels for specimens tie friends of education for disseminating 
original and other papers wood engravers for examining the progress of then 
blocks practical printers for proofs of title pages stereotype plates or cards and 
nearly every different pursuit will suggest some new application of this httle Press 

LIST OF PRICES 

SECriON I— CowPER 8 Parlour Presses and Apparatus 
COPPER S PARLOUR PRIN'TINa PRESS with a galle} chase a box of ink a 
vulcanized inkmg roller and a distrihutmg tray 
SMALL DEAL TYPE C VSE pamted with four drawers three of them partitioned 
to contain an assortment of about 2 500 types and a proportionate supply of loads 
and biass rule the fourth drawer contains reglet furniture side and foot sticks 
quoins &c 

SET OF EXTRAS — comprising transfer composing stick bodkm forceps mallet 
shootmg stick planer brush and turpentine foi cleaning the type two quires 
of demy pimtmg paper cut into suitable sizes for the press and one pair of 
damping slates 

G-ALLEY CHASE seven inches square inside 

Total charge for the Tlain Tailoui Press and Apparatus complete -€6 

COWPER S PAELOUR FEINTING PRESS japanned and fimshed in the best man 
ner and fitted with a drawer m othei respects as above 
SMALL MAHOGANY TYPE CASE with brass lock and handles m other respects 
as above 

SET OF EXTRAS comprising transfer composing stick &c as above 
GALLEY CHASE seven inches square inside 

Total charge f Of the Best Parlouf Ft ess and Appatatus complete^ £8 

DUPLICATE SET OF 2 500 TYPES and which may he contained m either of the 
above cases £1 12 5 


SECTION II —Fox 10 Foolscvp PRESbEs ajtd Ippaiiatus 

rOT 10 FOOLSC 11 1 EINTINlx press on the principle of Co\Nper s 1 arlom Pi ess 
suitable to punting, the hall sheet of loolsc ip oi thcquuto sheet of impel lal 
With an non bed half an inch thicl planed quite level and tiue to increase the 
peimanent accuiacy of the Foolscap liess and an non counterpoise to ficilitato 
the working of the same Mcasuiemcnt of the bed 15 hy 10 inches Ihe press 
varnished and japanned complete with two iron chases register points &c 

LARQ-l DFAL THE CiSF with siv drawers and measurino' cxternallv 21 inches 
by eighteen and 11 inches high with ironhindlta lock iiid key I our of the 
dra\\crs are paititioncd after the 1 nntcr s method for holdiUj^ 9000 types of the 
folloviiig vxneties —Great Primer Romvn Specimen No 9— \i/ capitals 
fi£,uies points spices md quadiats Pica Pom in No 13 In e and smill 
eipitils lower c isc (small letters) with icccnted vo\v els foi piiritni„ the foreign 
laugiu es fi ures points spaces quidiits and space liii lead complete 
Bourgeois Rom\n No 17 cipitils fi ures points apices and quidrats 

Bouroi ois Aniiquf No *^3 capitils figuios points spaces ind quidrits 
I wo of the di ivers contain spice line leids furniture side ind footsticl s quoins 
and re let also a mallet snooting stnk pliiier hodl in piintci s composing 
stick 9^ mehcb long brush foi cleinmg the type i pin of thiol dimpm^ slites 
Ac all proportioned to the siiSC of the Foolsc ip 1 less Six inch ^ ulcaiuzcd inlc 
ing roller in frame and case and largo box of superfine pniiting, ink 

Total change for the JFoho Foolscap Fj ess and Apparatus i 7 % the less compute for m £22 

FOLIO FOOT SOAP PRINTING PRESS exactly hke the one last described 

L'VRGE DEAL TYPE CASE with ei'^ht draweis similar to the ease with six drawers 
above described but thi ee inches higher and c ontainmg a considerably greater 
suppl} of each of the kinds of type specified in the loief>’omg description together 
with the addition of Gieat Piimer No 9 lower case letters Pica Italic No 14 
capitals lower case letter points and spaces and Bouio’eois Antique No 23 
lowei case letters making the total number of types about 17 000 together with 
a pioportionate increase of space line leads furniture Ac and mth the addition 
of 21 pieces of brass rule of thiee vaiieties six inch vulcanized inking roller in 
frame and case laigc box of superfine punting mk composing fiame of deal to 
receive the drawers of the type case when in use inclined galley of mahot»’any 
with mo^ eable bottom and four extra chases two of them with crosses 

Total charge for the Folio Foolscap Fr ess and Appat atm %n the mot e complete for tn, £32 

Larger Presses on the same principle 

FOLIO DEMY PRINTING PRESS with non bed and counterpoise suitable to 
printing- the h ilf bheot of demy Measuiement of the bed 20 by 13 inches Fho 
piess varnished and j ipanned complete vzith two chases leo-ister points &c 

BROADSIDE rOOLSCA.1 IRTNTING PRESS made entirely of non and piovided 
with scicw ul]ustment8toiCt,iilitc the picssuio asroquiied suitahh to printme 
thi whole sheet of fools( ap Measurement of the bed 20 by 15 mehes complete 
with four chases rcgistci points Ac £22 

Type cases of various sizes and with any required selection of types Moulds for 
casting lolleis Tools, &c to order 

SECTION III — Cases for Additional Types 

SMALL TYPE TRAY 10 by 6 inches with a selection of about 600 Roman or Italic 
types of small si/o of cither of the numbeis 17 to 20 £1 

TYPE BOOL 15 by 12 inches with a selection of about 1 500 types comp using eight 
vauetics of small tjpes foi headings cards &c as descubecl m paec 65 of 
pamphlet, £2 106 

LARGl TYPE TRAY 22 by 24 mehes partitioned aftci the mode of the prmting 
office for containing largoi quintities of type of any I md Is 

IliND CHASE in a painted case, with cushion rollei mk andmkmgtiay £1 5s 


PRINTING APPARATUS FOR THL USE OF AMATEURS 

A pamphlet containing full and practical m&it uciions for the sise of Cowi pr s 
1 ari our I rintinq I RESS ttho the description of larger presses on the same principle 
and various other apparatus for the Amateur T/poqrapher — lAe pamphlet contains 
III iwise numerous speemicns of plain and ornamental types^ hr ass rules checks borders 
or naments^ cor ner s ar rns ^c ^c 

Thvr d Edition, greatly enlarged 8yo, cloth pr ice 2s 6d 



ELLIPTICAL CUTTING FRAME 
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G4, CHARING CROSS, and 127, LONG ACRE, LONDON 


f IiHE ELTiPnc VL Cutting PaAME invented by C \pr vin Asti H E I C S is em 
1 ployed in the lathe for ornamenting turned surfaces with elliptical figures 
after the same geneial method that the excentiic cuttin„ frame is employed for 
I loducing circular figures on similar surfaces viz the object to be ornamented is 
fiKed on the lathe mandrel and motion is given to the tool by the Elliptical Cutting 
1 lame which is fitted to the receptacle of the sliding rest and driven by a band 
leiding from the oveihead motion 

The Elliptical Cutting Fiaine is capable of producing llipses of all proportions 
fiorn a right line to a circle according as it may be adjusted and the ellipses may 
1 e ai landed eithei in circular Older by the employment of the division plate or in 
1 ctihnear oi der by the motion of the sliding rest or the two mo\ ements may be 
combined at pleasui e An almost infinite vai lety of pattei ns of a highly oi iiament il 


I itlein 1 


Pxttein 2 




ELLIPTICAL CUTTING FRAME 

character will therefore be produced by the elliptical movement alone In addition 
to which the instrument is adapted to pioduce cpicycloidal patterns of 4 loops 
simihr to those produced m the geometnc chiiek these lioptd figures may 
likewise be made in all proportions and be placed in any positions 

Pattern S Pattein 4 




1 lom these compiehensue powers of the 1 llq tical Cutting hrime it results th it 
any de iied arrangements miy be pi od need of ciieles ellq ses light lines oi 
4 looped fioUies the instrument is therefore a most desirable ddition to all lathes 
1 )i ornamental turning and if required its powers may be still fin ther mci eased 
1;^ the addition ot other epieycl iidil patterns or by combining its me vemeutswith 
those ot the oxcontrie chuck oi othei appaiatus toi oinameutal turning 


Qeiwal PuRmU on the Action of the CuiTi'^o Tr-vhe 

The elliptical movement of the tool is produced as m the gcc metric pen and in 
Ibbetsoii 8 geometric chuck by the conibmation of two eircul ir movements in oppo 
site diiecti ms the one ot which ti avels at double the angular veh city of the othei 
In the 1 Ihptieil CuttiUt^ Bi ame this is effected by the tiam of wheels seen in the 
front ot the instiument which aie so arranged that the t\centiic fiame carrying 
the tool A mikes two revolutions to the light while the ladiil flange B makes one 
revolution to the left and the proportions of the ellipse described by the tool depend 
upon the lelative degrees of excentneiiy given to A and h thus when A and B 
aie both placed central the tool his no eveentncity and meiely pi iduces a dot 
When excentneity 18 given to A alone the tool desciibcs i ciicle the radius of 
which will depend upon the movement given to the sciew oi the cxeentric liame 
imdei the guid ince of the miu ometer head G which has ten divisions Supposing 
the e\eenti leity to be eepi d to 4 tin ns ol the seiew oi 40 divisions oi the mieionjetei 
held and that it is desired to conieit the ciiele into a tiaight line the flange B is 
il ) moved 40 divisions by means ot the adjusting seiew D upon which a winch 
hiudle ]s tompoi inly htted 

\ny senes ot elhi>se8 between tlie strnglit line ind the cncle may be described 
by leduemg the e\eeutneity of the i adi il 11 ange B 1 bus if it be shift d 5 divisions 
between cieh ligiue a senes of 7 ellipses will be produced gr idually advancing fiom 
the light lino to the cncle Any othei number of divisu ns may I e ador ted m the 
same m inuei the msti ument being so id] listed th it cqu xl numbers of divisions on 
J and C dwajspioduee the sti light hue Series of concentnc ellipses ue pio 
duced by adjusting both A and B thus m pattern 1 A was shilted 4 divisions and 
L two dinsions between eveiy cut 


EPICYOLOIDAL CDIIING FRAME, 

FOR IRODUCINa COMPOUND FIGURES WITH INTERNAL OR EXPLUNAL LOOPS 

OR CUSI3 



MADE BY 

HOLIZAPFFEL & CO, 

64, CHAEING CROSS, ato 127, LONG AGEE, LONDON 


rr HE Epiotclotdal Cutting Frame is nn extension of tlie principle of the 
J Elliptical Cutting Frame to a(^apt the instrument to the production of 
patterns more nearly resembling the figures made by the Geometuc Chuck 

The Epicycloidal Cutting Frame as usually supplied will piodiice about 
40 figuies of from 2 to 90 loops every one of which admits of considerable variety 
both of size and proportion and if desired at any subsequent time the numhei of 
patterns may be consideiably increased 

Neatly the whole of the figures belong to the class of epicycloids m which every 
loop oveilaps or extends beyond the preceding loop These patterns are very 
effective and admit of considerable variation in foim and dimensions by simple 
change of excentncities All the patterns consist o^ a single line and many of 
them may be easily made to cover a surface of from 3 to inches diameter 

To facilitate the manipulation of the Epicycloidal Cutting Frame, it has been so 
arranged that the settings required to produce the entire senes of patterns are 
limited to the exchange of two wheels upon one arboi which may be readily 
detached and le instated without difficulty All the patterns produced by the 
Flliptical Cutting Frame may be produced on a more extended scale by the 
Epicycloidal Cutting Frame 




ROSE CUTTING FRAME 


Jl0r ^r0htmTig 5l0S£ Engine |paRcuis 

IN OEDINAEY TUENING LATHES, 

MADE BY 

HOLTZAPFFEL & CO , 

ENGINE, LATHE, AND TOOL MANTTEACTUEEES, 

64: CHARING CROSS A 127 LONG ACRL LONDON 



Phis Instrument is employed in the sliding rest in the sime manner as the 
Eccentric Cutting Fiame and its management is almost as simple It is capable 
of producing upon surfaces nearly the whole of the ornamental patterns that have 
been hitherto confined to the Rose Engine the use of which has been much re 
tarded by the expense and size of the machine and the numerous apparatus 
required for its development 

A more compact and less expensive apparatus for Rose Engine Turning has long 
been a desideiatum with Amateurs HoLT/APmL & Co have therefore much 
pleasure in submitting the present instrument to the notice of their patrons 
The variety of the ornamental patterns produced by the Rose Cutting Frame is 
limited solely by the number of rosettes these may he increased to any desired 
extent but as the instrument admits of numerous variations being produced from 
one rosette only a moderate number will generally be required 

In illustration of the performance of this instrument six simple patterns fiom 
six different rosettes are printed on the opposite page and on the following six 
variations of one of these rosettes many other patterns may he produced from the 
same rosette and in those offered it wiU he observed that only the most simple 
apparatus have been employed in combination with the Rose Cutting Frame 




II LUSTRATIONS 

OF 

HOLTZAPFFEL & GO’S EOSE CUTTING EEIME 


Simple Patterns produced, from Rosettes A, B C, D, E, F 

Rosette A Rosette B 



Rosetii C 


RosETrr D 



RosriTi 1 


Rosi rn 1 








